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PREFACE 


TO THE FIRST EDITION. 


Sane eed 


Tue following pages were drawn up for the use of the 
junior officers of the Royal Engineers, and those of the 
Honourable East India Company’s Service, in their course 
of instruction in Trigonometrical Surveying and Practical 
Astronomy at this establishment, of which branch of their 


studies I have for some time had the superintendence. 


My original intention was to have had them lithographed 
for distribution among the officers; but I have been since 
led to the resolution of publishing them in their present 
form, from their having swelled to a size beyond what I at 
first contemplated; and also from the total want experi- 
enced, during the period occupied in compiling them, of any 
practical English work on Geodesical Operations, extending 
beyond the mere elementary steps of Land Surveying. Of 
this class there are several very useful publications, contain- 
ing instruction in all the necessary detail, to some of which 
references are made for information respecting the prelimi- 
nary knowledge of the construction and use of the instru- 
ments most generally employed, as well as to the French 


authors on Geodesy, whose works I have consulted. 


LGCO22 


1V PREFACE. 


Of the extensive and scientific Geodesical Operations de- 
scribed in these latter works, the present Treatise professes 
to give nothing beyond a brief outline, as their detailed 
account would be far too voluminous to be condensed in so 


small a compass. 


The cadets at Woolwich and Addiscombe are tauglit 
the use of the Chain and Theodolite, and to calculate the 
contents of the different portions into which the ground is 
divided by natural and artificial boundaries ; they are also 
rendered conversant with Plane Trigonometry and Mensu- 
-ration, and with sufficient Spherical Trigonometry for the 
solution of the ordinary cases of Spherical Triangles. Such 
preliminary knowledge is consequently assumed as being 
already acquired. It is, however, in the power of any indi- 
vidual to make himself master of the necessary theoretical 
part of this knowledge, by the study of one or other of the 
numerous excellent works on Trigonometry and Mensura- 
tion; and the practice of Land Surveying can be acquired 
in a few weeks in the Field, under any competent Instructor, 
or even without this assistance, by the careful study of some 


elementary work on the subject. 


Roya ENGINEER EsTABLISHMENT, CHATHAM, 
1839. 


PREFACE 


TO THE FOURTH EDITION. 

A FourTH edition of this work having been suggested 
(the former one being out of print), Captain Charles Warren, 
R.E., has kindly undertaken to revise it; and to make such 
additions as appear necessary to bring every portion of the 


contents up to the present date. 


ED. FROME. 


Guernsey, 1873. 
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CHAPTER I. 


GENERAL OUTLINE OF THE SYSTEM OF CARRYING ON A 
TRIGONOMETRICAL SURVEY. 


THE basis of an accurate survey undertaken for any extensive 
geodesical operation such as the measurement of an arc of the 
meridian or of a parallel, or for the formation of a geographical or 
territorial map showing the positions of towns, villages, &c., and 
the boundaries of provinces and counties, or a topographical plan 
for military or statistical purposes, must necessarily be an extended 
system of Triangulation, the preliminary step in which is the 
careful measurement of a base line on some level plain :—at 
each extremity of this base, the angles are observed between 
several surrounding objects previously fixed upon as trigono- 
metrical stations, and also, when practicable, those subtended at 
each of these points by the base itself. The distances of these 
stations from the ends of the base line and from each other are 
then calculated and laid down upon paper, forming so many fresh 
bases from whence other trigonometrical points are determined, 
until the entire tract of country to be surveyed is covered over 
with a network of triangles of as large a size as is proportioned 
to the contemplated extent of the survey, and the quality and 
power of the instruments employed. Within this principal tri- 
angulation secondary triangles are formed and laid down in like 
manner by calculation, and if necessary a series of minor tertiary 
triangles between them, and the interior detail is filled up between 
these points, either entirely by measurement with the chain and 
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theodolite, or by partial measurement (principally of the roads), 
and by sketching the remainder with the assistance of some port- 
able instrument. The degree of accuracy and minuteness to be 
observed in this detail, and the scale upon which the work is to be 
laid down, will of course determine which of these methods is to 
be adopted—the latter was practised on the Ordnance Survey of 
the South of England, which was plotted on the scale of 2 inches 
to 1 mile, and reduced for publication to that of 1 inch; but on 
the Survey of Ireland, and that of Scotland and the six Northern 
Counties of England, sketching has been almost entirely super- 
seded by chain measurement, even in the most minute particulars, 
and the undulations of the surface of the ground represented with 
mathematical accuracy by horizontal contour lines, traced by 
actual levelling at equidistant vertical intervals,* the whole 
survey being laid down to the scale of 6 inches to 1 mile. In the 
survey of only a limited extent of country there does not exist the 
same absolute necessity for an instrumental triangulationt even 
though a considerable degree of accuracy should be required ; this 
will appear evident from the consideration that in every practical 
operation some amount of error (independent of the errors of 
observation) 1s to be expected—sometimes a definite quantity 
dependent upon the means employed; sometimes a quantity 
varying in amount with the extent of the operation. 

In all angular measurements, the errors to be expected evi- 
q@ently depend upon the power and quality of the instruments 
made use of, and are altogether irrespective of the space over 
which the work extends. In linear measurements, on the con- 
trary, the probable error is some proportional part (dependent 
upon the circumstances and the means employed) of the distances 
measured. So long, then, as the extent of the survey, and the 
scale upon which it is to be laid down, are such that the probable 
error attendant upon ordinary chain measurement of the largest 
figures would be ymperceptible on the plan, no triangulation is 

* Sketching, in place of tracing contour lines, has been again lately resorted to on 
the Ordnance Survey for the features of the ground, on account of the greater cost 
of the latter more accurate system. 

t It is, however, imperative, even in a limited or land survey, that the chained 


lines should themselves form a triangulation, or be so arranged that they may secure 
a complete check against any large error creeping in, 
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necessary on the score of accuracy alone, though in many cases 
even of this nature it would be found in the end a saving of both 
time and expense. 

In a new and unsettled country, particularly if flat and thickly 
wooded, the outlay that would be required, and the time that 
would be occupied by an accurate triangulation, would probably 
prevent its being attempted, at all events in the first instance. If 
only a general map upon a very small scale is required, the lati- 
tude and longitude of a number of the most conspicuous stations 
can be determined by astronomical observations, and the distances 
between them calculated, to allow of their positions being laid 
down as correctly as this method will admit of, within which, as 
within a triangulation, the interior detail can be filled up. In 
surveying an extended line of coast where the interior is not 
triangulated, no other method presents itSelf, and a knowledge of 
practical astronomy therefore becomes indispensable in this, as 
in all extensive geodesical operations. A topographical survey 
further requires that some of the party employed upon it should 
be practically versed in the general outlines of geology, as a 
correct description of the soil and mineral resources of the diffe- 
rent parts of every country forms one of its most important 
features. The heights of the principal hills, and of marked points 
along the ridges, plains, valleys, and watercourses above the level 
of the sea, should also be determined, which in a survey of no 
great pretensions to correctness in minute detail, may be ascer-- 
tained with tolerable accuracy by means of the mountain baro- 
meter, or aneroid, or even approximately by observing the 
temperature at which water boils at different stations. 

A sketch of a certain tract of country, on a far larger scale than 
that of most general maps, is constantly required on service for 
the purpose of showing the military features of the ground, the 
relative positions of towns and villages, and the direction and 
nature of the roads and rivers comprised within its limits. This 
species of sketch, termed a “ Military Reconnaissance,” approaches 
in accuracy to a regular survey in proportion to the time and 
labour that is bestowed upon it. Having thus adverted briefly to 
the progressive steps in the different species of surveying, they 


will each be treated of more in detail in their proper order. 
B 


4. GENERAL OUTLINES OF A TRIGONOMETRICAL SURVEY. 


The system of forming the “network of triangles” alluded to, 
of as large a size as is consistent with the circumstances under 
which the survey is undertaken, within and dependent upon which 
the secondary and tertiary triangulation and all the interior details 
are included, is to be considered as the working out of a general 
principle to be borne in mind in all topographical and geodesical 
operations, the spirit of which is as much as possible to work from 
whole to part, and not from part to whole. 

By the former method errors are subdivided, and time and 
labour economised; by the latter, the errors inseparable from 
even the most careful observations are constantly accumulating, 
and the work drags on at a slower rate and an increasing ex- 
penditure. 

If the country to be surveyed is comparatively unknown, or has 
no rough maps, it is "necessary to make a preliminary recon- 
naissance to ascertain the most advantageous positions for the 


stations of the principal triangles, to determine on the base line, 
and other matters. 


CHAPTER II. 
MEASUREMENT OF A BASE LINE. 


THE exact measurement of a base line is perhaps the most diffi- 
cult and important part of the operations in connection with the 
carrying out of a trigonometrical survey ; upon its accuracy depends 
that of every subsequent proceeding. 

Although it is not necessary that the measurement of a base 
line should precede the angular observations, it is desirable that it 
should be undertaken as early as practicable, in order that in the 
minor triangles the lengths of sides may be calculated in time to 
act as checks upon the measured distances. 

A BASE OF VERIFICATION is necessary to render a survey com- 
plete and safe 7.¢.,a second base measured on a side of a triangle 
at some remote portion of the survey which may check the 
accuracy both of the original base and of the calculation of the 
triangles: this is the severest test to which a geodetic operation 
can be subjected, and is absolutely indispensable. 

THE LENGTH OF A BASE must depend in a great measure upon 
the nature of the ground selected, the facilities afforded for 
accurate measurement, and the time available. 

It is obvious that a short base measured with extreme accuracy 
prolonged and verified by triangulation, is of far greater value 
than a long base hurriedly measured over rough ground. 

The six bases in the United Kingdom vary from five to seven 
miles in length; the survey from north to south extending over 
upwards of 750 miles in length. 

At the Cape a base of eight miles was measured by the 
Astronomer Royal when conducting a geodetic survey for the 
measurement of an arc of the meridian; the survey extending 
north and south about 320 miles, and east and west 600 miles. 
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The base of verification measured by Capt. Bailey, R.E., was five 
and a half miles in length. 

Lieut. Symonds, R.E., in 1842, when commencing the survey 
of Syria, measured two bases of about two miles each; the extent 
of the survey from north to south being about 200 miles. 

No hard and fast line can be drawn for the length of a base in 
the survey of detached portions of ground of limited extent, as 
so much depends upon the circumstances under which the surveys 
are made: they are often from one to three thousand feet in 
length. 

THE DEGREE OF ACCURACY required in a base line is deter- 
mined by the ratio its length bears to the extent of the survey, 
and by the least amount of error which is acceptable in the extent 
of that survey. 

THE UNITS OF MEASUREMENT, when extreme accuracy has 
been required, have consisted of steel chains, glass, deal and pla- 
tinum rods, or compound bars, used in various manners. Deal 
rods were used in the first accurate measurement of Hounslow 
Heath, in 1784, by General Roy,—sometimes laid horizontally and 
sometimes following the general slope of the ground, the incli- 
nation of each rod being measured and allowance made in the 
calculation of the length of base. It was supposed that the 
length of these deal rods was affected by moisture, and glass rods 
were substituted. Eventually a steel chain 100 feet in length 
(called Ramsden’s steel chain), was taken into use, until it was 
superseded in 1827 by the compound or compensation bars 
(described below), invented by General Colby, by which the errors 
in connection with the ascertaining the actual temperature of 
steel chains and glass rods at the time of measuring was avoided. 

The Lough Foyle and Salisbury Plain bases were measured by 
means of these compensation bars, and the chief reliance in the 
computation of the triangulation was placed upon the results, 
the difference between the measured length of the one base and its 
length as computed from the other being about five inches. 

The Hounslow Heath, Belhelvie, and Misterton Car bases were 
measured with Ramsden’s steel chain, and the difference between 
the measured and computed lengths of these three bases is not 
greater than the difference between the measured and computed 


MEASUREMENT OF A BASE LINE. 7 


lengths of the Lough Foyle and Salisbury Plain bases, measured 
with the compensation bars, from which Sir H. James considers it 
may be inferred that bases measured with steel chains are deserv- 
ung of the greatest confidence. Their simplicity, portability, and 
cheapness, as compared with the heavy and expensive apparatus of 
the compensation bars, render them desirable in countries where 
economy in the transport of heavy articles is an object. 

In confirmation of this, the result of Capt. Bailey’s measurement 
of the base of verification at the Cape may be cited. He was 
unable to obtain Ramsden’s steel chain, and used the 100 ft. 
steel standard of the colonial observatory (formed of 40 links of 
}-inch round steel rods). The measurement and reductions being 
completed, the length of the base line was found to differ thirteen 
inches from the length computed by the geodetic calculation in 
the triangles carried through from the original base (measured by 
compensation bars). 

THE DESCRIPTION OF THE MEASUREMENTS of & base line is 
given in detail in the Government account of the Ordnance 
Survey. There is not space here for more than a few words. 

In measuring a base for the topographical survey of any small 
detached portion of ground, it will be sufficient for ordinary pur- 
poses to measure its length carefully two or three times backwards 
and forwards with a chain which has been compared with a 
standard,* and if rendered necessary by the irregularity of the 
ground, to take an accurate section along the line (which should 
be laid out with a theodolite between marks at each extremity), 
for the purpose of reducing this measurement by calculation to its 
true horizontal value. The length of a base, which has subse- 
quently to be determined with the most minute accuracy by 
means of glass rods, compensation bars, or other contrivance, is 
generally first measured two or three times in this manner. 

Capt. Bailey, in using the standard steel chain at the Cape on 
his base of verification, followed generally the method adopted by 


* A spiral spring, something like that used in weighing-machines, is attached to 
the end of a chain used for purposes requiring much accuracy; this indicates the 
power of tension exerted, which should always be the same as when compared with 
the standard. The surveyors under the Tithe Commission Act are furnished with 
this contrivance. 
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General Mudge in the measurement of base Hounslow Heath 
with Ramsden’s chain. The line was measured in hypotheneuses 
of variable length, according to the surface of the ground, and 
was also divided into three sections for mutual comparison by 
triangulation. The chain (three thermometers lying alongside) 
was supported in five open coffers, resting on tripod trestles, 
brought to coincide with the line of inclination of the boning 
vanes, The front end of the chain was dragged forward at a 
uniform tension by means of a weight of 43 lbs., attached to the 
front handle of the chain, and running over a pulley. When the 
measurements were completed, the chain was sent down to the 
Royal Observatory to be compared with the Cape standard bar ; 
the length of the base line was then computed, the hypotheneuses 
being reduced to horizontal distances, by dividing the square of 
the difference of height by twice the length to find the correction. 
The base was then reduced to sea level. The mean reading 
of the thermometers were taken, allowing an expansion or con- 
traction of 0:00763 inches to the 100 feet for each degree of 
Fahrenheit. 


Loch Foyle Base. 


A detailed account was in 1847* drawn up by Colonel Yolland, 
R.E., of the mode adopted by General Colby to obtain the 
accurate value of the base measured on the Ordnance Survey of 
Treland at Loch Foyle, in the County of Londonderry, in which 
work will also be found a quantity of scientific information con- 
nected with the principal triangulation. The principles of the 
contrivance, in which it differs from all other methods that have 
preceded it, consist in always preserving by a mechanical com- 
pensation obtained by the use of two metals having different 
powers of expansion and contraction, exactly the same distance 
between two points at the extremities of the confpensation bars, 
instead of allowing, as had been hitherto done, for this expansion 
or contraction according to the temperature at which each rod 
was laid, and also in obtaining a visual instead of an actual 

* Many years after the first edition of this work, the short popular description of 
the process of using the bars is, however, retained. Colonel Yolland has likewise 


given a description of these bars, with the method of using them, in the third 
volume of the Woolwich Mathematical Course, under the head of ‘‘ Geodesy.” 
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contact of the rods. This will be explained by the following 
short description of the compensation bars and the method of 
using them. 

Two bars, one of iron and the other of brass, 10 feet long, 
placed parallel to each other 1} inches apart, were riveted together 
at their centres, it having been previously ascertained by numerous 
experiments, that they expanded and contracted in their tran- 
sitions from cold to heat, and the reverse, in the proportion of 
three to five. The latter was coated with some non-conducting 
substance to equalise the susceptibility of the two metals to 
change of temperature, and across each extremity of these com- 
bined bars was fixed a tongue of iron, with a minute dot of 
platinum almost invisible to the naked eye, and so situated on 
this tongue, that under every degree of expansion or contraction 
of the rods the dots at each end always remained at the constant 
distance of 10 feet. This will be better understood by reference 
to the sketch below. 


A \ 
F o B e 


f 


A is the iron bar (about five-eighths of an inch wide and one 
and a half deep (the expansion of which is represented by three ; 
B the brass bar (of the same size), the expansion of which is five, 
the two being riveted together at the centre C; D E and de are 
the iron tongues pinned on to the bars so as to admit of their 
expansion, with the platinum dots at D and d. The tongues are by 
construction made perpendicular to the rods at a mean tempe- 
rature of 60° Fahrenheit, and the expansion taking place from 
their common centre, when A expands any quantity which may be 
expressed by three, B expands at the same time a quantity equal 
to five, and the position of the tongues is changed to D F, d f, the 
dots D and d remaining wnalterably fixed at the exact distance of 
ten feet. It is evident from this construction, that the dots at the 
extremities of these bars could not, if desired, be brought either 
into actual contact or coincidence ; but a more correct plan was 
adopted, which consisted in laying each rod so that the dot at its 
extremity should always be at a fixed distance from that at the 
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end of the next rod. This was effected by means of powerful 
microscopes, attached to the end of similar short compound bars,* 
6 inches long, and mounted on a stand, by which means they 
could be laid perfectly horizontal by a spirit level, the microscopes 
in these bars occupying the position of the dots on the longer 
rods. These dots, after the rods had all been carefully levelled, 
were brought exactly under the microscope by means of three 
micrometer screws attached to the box in which each rod was laid, 
so that it could be moved to either side, backwards or forwards, 
elevated or depressed, as required, the rods being laid on supports 
equidistant from the centre of the box, that they might always 
have the same bearing. The point of starting was a stone pillar, 
with a platinum dot let into its centre, and a transit instrument was 
placed over it by which the line was laid out with the greatest 
precision with the assistance of sights at each end of the bars, an 
average of about 250 feet being completed in one day, and five 
boxes, giving a length of 52 feet, being levelled and laid 
together. 

About 400 feet of this measured base was across the river Roe, 
and clumps of pickets were driven at intervals of about 5 feet 
3 inches apart from centre to centre by a small pile engine, on the 
heads of which the boxes containing the compound rods rested. 
At the end of each day’s work a triangular stone was sunk at the 
end of the last bar laid with a cast-iron block fitting over it, 
having a brass plate with a silver disk let into the middle of the 
brass, which was adjustable by means of screws. This disk was 
brought exactly under the focus of the extreme microscope, and 
served as a starting point the following day, a sentinel being 
always left in charge of this stone which was further secured by a 
wooden cover screwed over it. 

The total length of the measurement of this base amounted to 
about 8 miles; 2 miles were subsequently added by a method 


* This was the usual distance between the foci of the microscopes ; but to meet 
cases where the uneven surface rendered it difficult to bring the short bars to a level 
at this distance, it was sometimes diminished to one-half. Microscopes of different 
lengths were uscd where the inclination of the ground rendered it necessary to lay the 
boxes on different levels, so that the platina dots might be brought in the focus to 
each microscope. The old base of verification on Salisbury Plain was afterwards 
remeasured with these compensation bars, 
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described in page 13, making the entire distance between the two 
extremities rather more than 10 miles. 

Detailed descriptions of the various methods that have been at 
different times adopted to insure the correct measurement of base 
lines on the Continent, may be found in all standard works on 
geodesical operations.* A popular account of the mode of 
conducting these measurements, and of the nature of the 
rods, &c., used, is also given in Mr. Airy’s “Figure of the 
Earth,” in the “Encyclopedia Metropolitana,’ commencing at 
page 206. 

REDUCTION TO THE LEVEL OF THE SEA.—A base measured on 
any elevated plain is thus reduced to its proper measure at the 
level of the sea: 

Call A B, the base measured at any elevation , 


A a above the level of the sea : : 
a b its value at this level . , . Oo 
C b the radius of the earth eS . R 
And the altitude above the sea Aa. A, 
as ascertained by levelling, or by the baro- 
meter. 
Then R+h: R::Bib. &b= 4 


R+h 
And B-— b the difference of the measured and 
BR BA 
reduced base = B — Rk = or - 

* <* Recueil des Observations Géodesiques, par Biot et Arago’’—‘‘ Puissant, Traité 
de Géodesie "—‘‘ Base du Systtme Métrique décimal ;” and the works of Cassini, 
Franceur, Colonel Lampton, &c. 

The bases of the original are of Mechain and Delambre, described in the ‘‘ Base du 
Systtme Métrique,” were measured with rods of platinum two toises long; to each 
bar was attached at one end a rod of brass. The proportion of the expansion of brass 
and platinum being known, the expansion of the platinum rod was inferred from the 
observed difference of expansion of the two rods. The rods were laid in boxes, and 
placed on trestles ; and their euds not brought into contact, but measured with a 
slider. The temperature was reduced to thirteen degrees of Réaumur. The length of 
the base of Perpignan was 6006°28 toises ; and that of Melun 6075°9 toises. The 
calculation of Perpignan base of verification from that of Melun differed only eleven 
inches from its actual measurement on the ground. 

These platinum bars are described in page 208, vol. i. Puissant’s ‘‘ Géodesie.”’ 
Few bases have ever been measured solely for the determination of the value of an 
arc of the meridian, or of a parallel, but have formed at the same time the foundations 
of the survey of a country. 
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The radius of the earth may be considered = 21008000 feet ; 
if, then, the log. of the base in feet be added to the log. of the- 
altitude, and the log. of the sum of the radius and altitude be 
subtracted therefrom, the remainder will be the log. of a number 
to be deducted from the measured base to reduce it to its value at 
the level of the sea. This correction, though generally trifling, 1s 
not to be neglected when the base is measured upon ground of 
any considerable elevation. 

Mr. Airy, in page 198 of the “Figure of the Earth,” in the 
“ Encyclopedia Metropolitana,” gives this formula :—“ If r be the 
earth’s radius, or the radius of the surface of the sea (which is known 
nearly enough), and fh the eleva- 
tion, the measured lengths must 
be multiplied by the fraction = 


or 1¢, or they must be diminished 


by the part * of the whole. If the 
surface slopes uniformly, the mean 
height may be taken; if it is very 
irregular, it may be divided into 
several parts.” 

The reduced length a b of the 
base A B is thus found, and if the 
length of the chord* is required, 


it is found by subtracting + 





THE SELECTION OF A SITE for the base is a matter for considera- 
tion. A perfect level, in an advantageous situation, is not in 
most cases attainable, and is not an absolute necessity. 

A nearly level plain, without undulations, should be selected 
where both ends of the base would be visible from the nearest 
trigonometrical points. 

In the Salisbury Plain base line there is a difference of level of 
428 feet between its extreme points. 

PROLONGATION OF A BASE LINE BY TRIANGULATION.—Beside 
the marks at the extremities of a base line—which if the base is 


* In ordinary surveying the surface of the earth may be considered a plane, a 
degree of 694 English miles not exceeding its chord by more than 25 feet. 
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to form the groundwork of a survey of considerable extent, should 
be constructed so as to be permanent, as well as minute—inter- 
mediate points should be carefully determined and marked during 
the progress of the measurement, by driving strong pickets, or 
sinking stones, into the ground, with dots upon a plate of metal, 
or some other indication of the exact termination of the chain 
clearly defined upon them. These marks serve for testing the 
accuracy of the different portions, and reciprocally comparing them 
with each other. It has been already remarked, that the length of 
the base on the Ordnance Survey of Ireland was not obtained en- 
tirely by measurement, an addition of two miles having been made 
to its measured length by calculation. This calculation was also 
contrived to answer the purpose of verifying the measurement of 
intermediate portions of the base between marks left for the 
purpose, as previously alluded to, and explained by reference to 
the figure on next page, in which A B represents the portion of 
the base actually measured, and B C that to be added by calcula- 
tion for the purpose of extending the base to C, to obtain a more 
eligible termination. 

The points E and D have been marked during the measure- 
ment, and are thus made use of :— 

The stations F and G are selected so that the angles at E may 
be nearly right angles, and the points themselves nearly equi- 
distant from the line, and about equal to AE. Similar conditions 
determine the positions of H,I, K, and L. At A the whole of 
the objects visible are most accurately observed with a large 
theodolite, which is then taken to the other points on the line, as 
well as those selected on either side of it, where all the angles are 
measured. From A E and the three observed angles, G E and 
E F are determined, from each of which in the triangles GE D and 
DE F the side E D 1s obtained, the distances thus found forming 
two checks on its measured Jength; I D and D H are in like 
manner calculated from A D and also from E D as bases, and each 
of these again furnish data for the determination of D B. Lastly, 
B Land B K are found from A B, and also from E B; from the 
mean results of which B C, the required addition to the measured 
hase, is obtained. | 

Even if the entire base had been measured, the above is an 
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excellent method of verifying the accuracy of the intermediate 
component parts, and is also a test of the instrument used for 
measuring the angles. The stations, H, K, L, &c., will also answer 
for minor trigonometrical points, and will be found useful in the 
course of the work. 





K 

STANDARD MEASURE.—In all surveys there must be some 
standard to which the units of measurements can be constantly 
referred. And it is most important that this standard should be 
rigidly accurate. 

On the Ordnance Survey ten and twenty feet iron standard bars 
were used. 

For small surveys a standard chain should be kept for checking 
the chains in use. Captain Newsome, R.E., suggests a standard 
chain for this purpose, of flat crinoline steel 4 an inch in width, 
and 5!; to +1, of an inch in thickness, formed in foot-lengths turn- 
ing on a rivet. Estimated cost five shillings. It should never be 
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used but under the eye of a superior, and then simply stretched on 
level ground to give the exact distance for marks to be cut on 
stones, let into the earth previously at either end of an approxi- 
mately correct line. 

The next process is the Triangulation, which (combined with 
the measurement of a base line just described) forms the pre- 
liminary step not only in a correct trigonometrical survey, but in 
the more delicate operations of the determination of the difference 
of longitudes between two meridians such as those of the ob- 
servatories of Greenwich and Paris, and the measurement of an 
arc of the meridian to obtain the length of a degree in different 
latitudes, from whence to deduce the figure and magnitude of the 
earth. 


CHAPTER III. 


TRIANGULATION. 


THE SELECTION OF STATIONS is a matter which requires con- 
siderable experience and judgment, and must be governed by the 
nature of the survey and the features of the ground to be mapped 
out. 

The most conspicuous stations are selected as trigonometrical 
points, and are chosen with reference to their relative positions, 
as the nearer these triangles approach to being equilateral, the 
less wil] be the error in the calculation of the sides resulting from 
any slight inaccuracy in the observed angles. A well-conditioned 
triangle should not have an angle of more than 75° and less than 
30°. Great care should be taken to avoid the use of very acute 
angles, as slight errors in their measurement may cause great 
errors in the lengths of the sides obtained from them. 

The base being generally of trifling length compared with the 
distances between the points of the principal triangles to be ulti- 
mately deduced from it, the sides of these triangles must be from 
the first gradually increased as rapidly as is consistent with the 
remark in the previous paragraph, till they arrive at their greatest 
limit,* determined in an extensive survey by the distance at which 
these points can be rendered clearly visible. 


* ** Laplace a demontré par le calcul des probabilités qu’il ne faut employer que le 
moins grand nombre possible de triangles du premier ordre couvrant l’étendue entiére 
du pays, en leur donnant les plus grandes dimensions permises par les localités, et 
par la puissance des lunettes des instruments,” —Franceur, ‘‘ Géodesie,”’ page 110. 

The distances between some of the trigonometrical points on the Ordnance Survey 
of Ireland exceed 100 miles (the average being about 60), and have been deduced from 
the original base of about 10 miles. Observations may be made ona station which 
would be hid by intervening high ground were it not elevated above its real place by 
refraction ; but periods should always be chosen for observing angles when extraordt- 
nary refraction is not remarkable, on account of its very irregular action. 
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DIsTANT STATIONS RENDERED VISIBLE.—As early as 1822, 
the reflection of the sun from a plane mirror was employed in 
Hanover for the purpose of rendering distant stations visible, and 
this method was adopted by General Colby and Captain Kater in 
verifying General Roy’s triangulation for connecting the meridians 
of Paris and Greenwich. The station on Hanger Hill tower could 
not be seen from Shooter’s Hill (only 10 miles distant), owing to 
the dense smoke of London, but was rendered clearly visible by tin 
plates attached to the signal post, so as to reflect the sun towards 
the station at stated times on a certain day. The same plan was 
tried the following year at the station on Leith Hill, near Dor- 
king, rendering the station visible at the distance of 45 miles, 
though the hill itself was never once seen. The utility of thus 
employing the sun’s reflected rays being established by these 
results, an instrument was invented by the late Captain Drum- 
mond, Royal Engineers, in lieu of the former temporary expe- 
dients for directing the rays upon the station to be illuminated, 
the description of which will be found in his Paper on the means 
of facilitating the observations of distant stations, published in 
the “ Philosophical Transactions ” for 1826, and from whence the 
above remarks have been taken. In using this “ Heliostat” it is 
only necessary for the assistant to keep the mirror adjusted so as 
to always reflect the rays upon the station from which the obser- 
vation is being made.* But a contrivance was still wanting to 
produce a light sufficiently brilliant to answer for distant stations 
at night. Bengal lights had been used by General Roy, which 
were succeeded by argand lamps and parabolic reflectors, and 
these again, by a large plano-convex lens prepared by MM. 
Fresnel and .Arago, and used by the latter gentleman conjointly 
with General Colby and Captain Kater, by the light of which a 
station distant 48 miles was observed. The light invented by 
Captain Drummond, described in the volume of the “ Philo- 
sophical Transactions” alluded to, far surpassed all previous 


* This was effected by means of a small brass ring placed 50 or 60 feet in front of 
the mirror, adjusted to the proper elevation and in the line of direction of the station 
previously approximately determined. As long as this ring was kept illuminated it 
was certain that the Heliostat was properly adjusted. For a distance of 40 or 50 
miles a mirror of 4 or 5 inches diameter was found gufficient ; for 100 miles, one of 8 
or 10 inches would be required. 

Cc 
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contrivances in intensity. A ball of lime, about a quarter of an 
inch in diameter, placed in the focus of a parabolic reflector and 
raised to an intense heat by a stream of oxygen gas directed 
through a flame of alcohol, produced a light eighty times as 
intense as that given by an argand burner. A station on the 
hill in the barony of Ennishowen, of great importance, could not 
be seen from Devis Mountain, near Belfast, and this instrument 
was consequently sent there by General Colby; and in spite of 
boisterous and hazy weather, the light was brilliantly visible at 
the distance of 67 mules, and would have been so at a much 
greater distance. Drummond's light might be also made avail- 
able in determining the difference of longitudes by signals which 
will be explained hereafter * ; but difficulties connected with its 
management, as well as the cost of the apparatus, prevented its 
being brought into general use on the Ordnance Survey. 

METHOD OF INCREASING THE LENGTH OF THE SIDES OF THE 
FIRST TRIANGLES DIRECTLY FROM THE MEASURED BaSE.—It has been 
already stated 
that the sides 
of the principal 
triangles should 
increase as ra- 
pidly as possi- 
ble from the 
measured base. 
Theaccompany- 
ing sketch will 
show how this 
is to be ma- 
naged without 
admitting any 
all-conditioned 
triangles. 

A B is sup- 
posed to be the 
measured base 
K- of 3miles or any 





* It is also eminently calculated for those lighthouses where powerful illumination 
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other length, and C and D the nearest trigonometrical points. All 
the angles being observed, the distances of C and D from the 
extremities of the base ate calculated with the greatest aecuracy. 
In each of the tnangles DAC and D BC, we have then the two 
sides and the contained angles to find D C, one calculation acting 
as % check upon the correctness of the other. This line, D C, is 
again twaade the base from which the distances of the trigono- 
inetrical stations EK and F are computed from D and C; and the 
length of E F is afterwards obtained in the two triangles D E F 
and F EC. Iu like manner the relative positions of the points 
H G K, &c., are obtained, and this system can be pursued until 
the trigonometrical stations arrive at the required distance apart. 
When this is once effected, the large or primary triangles are piled 
one on another throughout the extent of the survey: arrange- 
tents beihg se made (either by a double chain of triangles side by 
side, or by overlapping, or in any other way), that independent 
values may be obtained for the lengths of the sides of each triangle 
#6 as to guatd against and nullify all error. The principal triangu- 
lation being now complete, it is necessary to break it up into 
smaller, ot, as they are generally termed, secondary triangles. 
SECONDARY AND TERTIARY TRIANGLES.—On the Ordnance Sur- 
veys, both of England and Ireland, the largest sized instruments, 
3 feet in diameter, were used for fixing the principal stations.* 
The angles at the vertices of the secondary triangles were 
observed with the second-class theodolites. The sides of these 
triangles were on an average about 8 or 10 miles long, and 
the intervals between them were divided into small tertiary 
triangles, with sides of from 1 to 3 miles in length, smaller 
theodolites of 7, 9, and 10 inches diameter being used for 
tneasuring the angles. All points of the secondary order of 


is required. In the “ Philosophical Transactions” for 1836 is a paper of Captain 
Drummond's en this subject, containing the results of a course of experiments carried 
on by order of the Trinity Board. The lime in these experiments was exposed to 
streams of oxygen and hydrogen gas from separate gasometers, instead of passing the 
oxygen gas through a flame of alcohol, which was done on the survey for the con- 
venience of carriage, though at an increased expense. The oxyhydrogen and oxy- 
calcium lights are now in common use for flashing night signals, magic lanterns, &c. 

* The large class of theodolites used upon an accurate triangulation require some 
protection from the weather. Light portable frame-work erections, covered with 
canvas or boarding, are used on the Ordnance Survey.—See the article ‘‘ Observatory, 
Portable” in the Aide Mémoire. 

c 2 
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triangles, which were fixed upon during the progress of the 
principal triangulation, were observed with the largest instrument; 
and a number of the mmor stations, mills, churches, &c., were 
observed with the second-class theodolites from different stations : 

pee thus the connection be- 


ie tween the three classes of 
7 triangles was established, 


and the positions of many 
of the minor stations, 
which had been deter- 
mined by calculation from 
a series of small triangles, 
were checked by being 
made the vertices of larger 
triangles, based upon sides 
of those of the second 
order. 

Thus the point E in 
the figure is determined 
from the base BC; and 
O from both DC and 

-A D, forming a connec- 
tion between the larger and smaller order of triangles, and 
constituting a series of checks upon the latter. 

The length of the sides of the smallest triangles must depend 
upon the intended method of filling up the interior. If the con- 
tents within the boundaries of parishes, estates, &c., are to be 
calculated, the distances between these points must be diminished 
to one or two miles for an inclosed country, and two or three, 
perhaps, for one more open. If no contents are required, and the 
object of the triangulation is solely to ensure the accuracy of a 
topographical survey, the distances may be augmented according 
to the degree of minutiz required and the scale upon which the 
work is to be laid down. On the Ordnance Survey maps 6 inches 
to a mile (;54,,), two points per square mile have been fixed 
during the triangulation, while on the scale 5 feet to a mile (s'sz) 
eight times that number have been used. The reason is obvious. 
Under circumstances the most favourable to a chain-man, a dis- 









ae 
7. 


\ : 

Ne : 
G : 
oo \ s 






TRIANGULATION. 91 


tance obtained by measurement is likely to have twenty times the 
amount of error it would have were it obtained by triangulation ; 
the chain error being not jess than 1 in 1000. Hence the larger 
the scale the closer should be the trigonometrical points in order 
to avoid any perceptible error in the maps resulting from chaining 
over long lines. 

The direction of one or more of the sides of the principal 
triangles must also be determined with regard to the meridian. 
The methods of ascertaining this angle, termed its azimuth, will 
be described hereafter. 

ASSUMED Basr.—If for any cause it has been found advisable 
to commence the triangulation before the base has been measured, 
the sides of the triangles may be calculated from an assumed base, 
and corrected afterwards for the difference between this imaginary 
quantity and the real length of the base line; or if the length of 
the base is subsequently found to have been incorrectly ascer- 
tained, the triangulation may be corrected in a similar manner. 


Thus, suppose C B the assumed, R 

and AB the real length of the base D 

—also EB and A E the real distances 

to the trigonometrical point E, and 

DB and DC those calculated from 4 “ " 

the assumed base, then A E evidently = CD. 42, and EB= 
AB 

BD. 


INSTRUMENTS USED FOR OBSERVING ANGLES.—On the Conti- 
nent, the instrument that has been generally used for measuring 
the angles of the principal and secondary triangles is Borda’s 
repeating circle*; but the theodolite is universally preferred in 


* For a detailed account of this instrament, which is so seldom met with in 
England, see pages 89 to 99, ‘‘Géodesie, par Franceeur ;” also page 142, vol. i. 
“* Puissant, Géodesie.”” There is also a very able paper upon the nature of the 
repeating circle by Mr. Troughton in the first volume of the Memoirs of the Astrono- 
mica] Society. 

The portability of this instrument is one of its great recommendations ; but it seems 
to be always liable to some constant error, which cannot be removed by any number 
of repetitions, and the causes of which are still unknown. ‘With all the skill of the 
most careful and scientific observers, the repeating circle has never been found to give 
the accurate results expected from it, though in theory the principle of repetition 
appears calculated to prevent almost the possibility of error; its accuracy is also 
bmited by the small size of the telescopes. 
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England, and those of the larger deseription, in their present 
improved state, are in fact portable Altitude and Azimuth 
instruments, The theadolite possesses the great advantage of 
reducing, wetrumentally, the angles taken between objeets 
situated in a plane oblique to the horizon, to their horizontal 
values, which reduction, in any instrument measuring the exact 
angular distance between two objects having different zenith 
distances, is a matter of calculation depending upon the zenith 
distances or co-altitudes of the objects observed.* The formula 
given by Dr. Pearson for this correction when the obliquity is 
inconsiderable, which must always be the case in angles observed 
between distant objects on the horizon, is as follows :— 

A being the angle of position observed, H and A the altitudes 
of the two objeets, and n = sin.? (} H + &). tan. $ A — sin. 4 
(4 H — h). cot. } A. then @ (the correction) = 7. sec. H. seo. & 
The value of » is given in tables computed for the purpose of 
facilitating this calculation, for every minute of H and h, and 
for every ten minutes of A. When the altitude differs more 
than 2° or 3° from zero, the following foymula is te be used in 
preference :— 


Sin, $ Z _ V (sin, ¢ 8 — 8). sin. (¢ 8 ~ a) 


the reduced angle | ~ sin. 3, sin. 8 


* This will be evident from the figure below, taken from page 220 of Woodhouse's 
Trigonometry. 
Zz Let O be the station of the observer, A 
and B the two objects whose altitudes above 
the horizon aye not equal; then the angle 
subtended by them at O is A O B measured 
by A B; but if Za, Z}, are each — 90°, 
then a 6, and not A B, measures the angle 
a Z b, which is the horizontal angle re- 
quired. The difference, then, between the 
observed angle A O B and a Z 6, is the 
correction to be applied as the reduction 
to the horizon. The horizontal distances 
between these stations of different eleva- 
tions may be found from having the reci- 
procal angles of elevation and depression, 
and the measured or calculated distances, 
which. being onliiaiea as the hypotenuse of the triungle, the distances saught ara 
the bases. From these the horizontal angles may be calculated if required. 
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S being the sum of the angle observed and the two zenith dis- 
tances; and 8 and & the respective zenith distances of the 
objects.* 

SPHERICAL EXCESS. 

All observed horizontal angles are however essentially spherical 
angles; and in every triangle measured on the surface of the earth, 
the sum of the three angles must therefore, if taken correctly, be 
more than 180°. The lines containing the observed angles are 
in fact tangents to the sphere (supposing the earth to be one), 
whereas to obtain the three points considered as vertices of a plane 
triangle, the angles must be reduced to the value of those con- 
tained between the chords of the arcs constituting the sides of 
the spherical triangle. The correction for this spherical excess, 
though too minute to be applied to angles observed with mode- 
rate-sized instruments (being completely lost in the unavoidably 
greater errors of observation) should however be calculated in 
the principal triangles, which is easily done on the supposition 
that the area of a spherical triangle whose sides are immeasurably 
small compared with the whole sphere, may be considered iden- 
tical with that of a plane triangle whose sides are of the same 
length as those of the spherical, and whose angles are each dimi- 
nished by one-third of the spherical excess ; from which theorem, 
demonstrated by Legendre, and known by his name, is deduced 


the form A+B+C—180°= = ; or for the excess in seconds, 


zai where S denotes the area of the triangle, and r the 
radius of the earth.+ 

The earth being considered a perfect sphere whose radius is 
21,008,000 feet, one second of space = 101°43 feet, and (101-43) ? 
= the square feet in a square second—R the radius = 

area in feet 

(101°43)? x (206264°8)’ 

* For the investigation and application of these formule, see vol. i. ‘‘ Puissant, 
Traité de Géodesie,” page 174; ‘‘ Géodesie, par Francceur,” pages 128 and 435; and 
Dr. Pearson’s ‘‘ Practical Astronomy,” vol. ii. page 505. Hutton’s formula is tha 
same, except that it is expressed in terms of the altitude instead of the zenith 


distances. See also Woodhouse’s ‘‘ Trigonometry,” page 220, and the corrections to 
the observed angles in the first volume of the ‘‘ Base Métrique.” 


2062648, and the expression becomes 


+ R” may be considered identical with a, - Sce ** Puissant,” vol. i. page 100, 
sin. 
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x 2062648; or,in logarithms, Log. area—4°0123486 —5°3144251 
= Log. area — 9°3267737 for the spherical excess in seconds. * 

On the Trigonometrical Survey of England, the spherical ex- 
cess was constantly calculated, not solely for the purpose of 
diminishing the observed angles by the amount, but to correct 
' the observations, Thus in one of the large triangles in Dorsetshire 
the sum of the three angles was 0”'5 less than 180°, the calculated 
spherical excess amounted to 1-29, showing an error of 1”°79 in the 
observation, and in many of the triangles this error was more con- 
siderable. One-third of the error thus found added to each of the 
angles, corrects them as angles of a spherical triangle, and one- 
third of the spherical excess deducted from each of these corrected 
spherical angles converts them into the angles of a plane triangle 
ready for calculation, the sum of whose angles is = 180°, as is 
seen in the example below. 

















One-third One-third |Rectilinear Angle: 
Observed Angles. of sa ce of corrected for 
Error. & Sph. Excess caleulation: 
Heights | 45° 54’ 37" | + “597 | 45°54’ 37" -507/ — 43 | 45°54’ 37" -167 
Bolt head 48 39 24°5) + ‘597 | 48 39 25 :097! — °43 | 48 39 24 -667 
Butterton 85 25 58 + °597 | 85 25 58 °597; — °43 85 25 58 °167 
—_———$-— J) | | —-- — - -- | 
179 59 59°5) 180 0 1 :29 180 0 0 


One-third of the spherical excess has here been deducted from 
each angle, but it might have been calculated for each separately, 
by reducing the angles of the spherical triangles to the angles 
formed by the chords. (Woodhouse, page 239; Base du Systéme 
Métrique, &c.) Thus there are three modes of solving the large 
triangles of a survey, first, by calculating them as spherical tri- 
angles with the corrected spherical angles ; secondly, by computing 
them as rectilinear triangles with the angles of the chords ; and 
thirdly, by Legendre’s more expeditious method of redycing each 
angle by one third of the spherical excess. In the “ Base du 
Systeme Métrique,” the sides of the triangles were computed by 
ull three methods. On the Ordnance Survey they were formerly 


* Woodhouse arrives at the same result at the termination of a long investigation 
of this correction. — ‘‘ Trigonometry,” page 229. 
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mostly calculated by the second, and checked by the third, but 
latterly the last of these modes, that by Legendre’s formula, was 
the only one used. 

This subject is treated at length in Puissant, vol. i. pages 100, 
117, and 223, and also in the account of the Trigonometrical 
Survey, in Professor Young’s and Woodhouse’s Spherical Trigo- 
nometry ; and in various other works. 

REDUCTION TO THE CENTRE is a term applied to the 
correction for the eccentricity which arises when the theodolite 
cannot be exactly placed over the station.* 

In the triangle A BC, suppose C the station where the instru- 
ment cannot be set up. If at any convenient point D, the angles 
ADB and ADC are taken, and the distance C D measured, the 
angle A C B can be thus determined. 
AEB=ACB+CAD. 
and AEB=ADB+DBC. 
-“ACB+CAD=ADB+DBC, 
and ACB = (ADB+ DBO) — 
CAD. Butsm.D BC = sin. BDC 


x 4 and sin, CAD = sin. ADC 


x pes and as these angles are ex- 


ceedingly minute, the sines may be 
substituted for the arcs, and we have 


ACB=ADB+¢% sin. BDC — 


CD sin AD Ct or in seconds 











AC 
ACB=ADB+ cD sin. BDC _ 
sin. 1" BC 
sin. A DC: 
xc) 


The necessity for the above correction is not of common occur- 


* Where mills, churches, and other marked objects are selected as trigonometrical 
points, which are otherwise peculiarly well adapted, but on which the theodolite 


t Instead of deducing the angle at the station on which the instrument cannot be 
set up from that observed at any spot convenient to it, it is often found more expe- 
ditious, particularly if there are many observations made, to correct the other angles 
of the triangles; this latter method is generally now practised on the Ordnance 
Survey. — 
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rence, as in the principal triangles, stations are generally selected 
from whence observations can be made; and in those of the 
secondary order, the measurement of the third angle is not con- 
sidered imperative. 

ADJUSTMENTS OF A THEODOLITE.—In observing the 
angles for triangulation, too much care cannot be bestowed upon 
the adjustments of the instrument. These are briefly as follows 
for the 5 or 7-inch theodolites used in fixing points in the interior, 
and for traversing. The large theodolite, 3 feet in diameter, known 
by the name of its maker, Ramsden,* and liberally lent by the 
Royal Society to the Ordnance, is fully described in the “ Trigono- 
metrical Survey ;”’ and the peculiarities in the construction and 
management of the other large instruments with which the angles 
of the principal and secondary triangles were observed, are soon 
understood by any officer conversant with the adjustment of the 
smaller class, which he most generally has to work with, and 
which is therefore the one selected for description. 

The first adjustment is for the line of collimation,+ and consists 


cannot be set up, this reduction becomes neces- 
sary if angles are required to be taken from 
them. Temporary trigonometrical stations are 
easily formed of three or four pieces of scantling, 
10 or 12 feet long, framed together as in the 
skotch, with a short pole projecting vertically 
upward from the apex of the pyramid. A plum- 
met suspended from this gives the exact spot on 
which to set up the theodolite. Long poles, which 
can be removed when it is required to adjust the 
theodolite over the station, answer the same pur- 
pose. Two circular discs of iron or other metal 
on the top of a pole, placed at right angles to each other, form very good marks for 
observation. 

* An instrument of the same size has since been made by Messrs. Troughton and 
Simms for the survey of India, as also another for the Ordnance Survey. A theodo- 
lite of 18 inches diameter upon a repeating stand was constructed by General Mudge, 
with an idea of its superseding the larger theodolite, the weight and size of which 
rendered its carriage an affair of difficulty; but the advantage of repetition (so 
desirable in single observations) possessed by moderate-sized instruments does not 
appear to compensate for the diminished size of the circumference of the horizontal 
circle. Theodolites of 24, 18, 12, 10, 9, and 8 inches diameter are also used on the 
Ordnance Survey, as well as those of smaller dimensions, of 7 and 5 inches. 

+ The instrumental parallax should first be removed, see note to page 33. 
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in making the cross wires* in the diaphragm of the telescope 
coincide with the axis of the supports in which the telescope 
rests ; the proof of which is their intersection remaining con- 
stantly fixed upon some minute, well-defined, distant point, 
during an entire revolution of the telescope upon its own axis in 
the Ys, which are left open for the purpose. When this inter- 
section on the contrary forms a circle round the object, the wires 
require adjusting. They are generally placed crossing each other 
at an angle inclined to the horizon of about 45°,f and the operation 
is facilitated by first turning the telescope partly round, till they 
appear horizontal and vertical; half the divergence of each of 
these lines from the point is then corrected by the screws near 
the eye-piece working in the diaphragm, loosening one screw as 
that opposite to it is tightened. One or two trials will perhaps 
be required, the diaphragm being moved in the contrary direction 
to that which in the inverting eye-piece it appears to require. 

The second adjustment is for the purpose of setting the level 
attached to the telescope parallel to the optical axis, and to the 
surface of the cylindrical rings on which it is supported; this is 
done by simply levelling the telescope by means of the tangent 
screw to the vertical arc, and then reversing it end for end in the 


* Platinum wire is the best adapted for the purpose, though cobwebs are generally 
used by surveyors ; and as they are liable to break from the slightest touch, it is 
necessary that every person using a theodolite should be able to replace them himself. 
They must be stretched tight across the diaphragm, and confined in their places 
(indicated by faint notehes on the metal) by gum, or varnish, the latter of which is 
to be preferred on account of its not being affected by the humidity of the atmosphere. 
The following simple and ingenious mode of fixing these cobwebs, which to a novice 
is often a difficult and tedious operation, was mentioned to me by Mr. Simms, who 
eonstructs all the mathematical and astronomical instruments for the Ordnance 
Survey. A piece of wire is bent into a shape something like a fork, the opening a 3 
being rather larger than the diameter of the diaphragm. 
A cobweb being selected, at the extremity of which a 
spider is suspended, it is wound round the fork in the 
manner represented in the sketch, the weight of the 
insect keeping it constantly tight. The web is thus 
kept stretched ready for use ; and when it is required to fix on a new hair, it is 
merely neceasary to put a little gum or varnish over the notches on the diaphragm, 
and adjust one of the threads to its proper position. 

+ A horizontal wire is often added, in order that the theodolite may, on an 
emergency, be used as a spirit level with facility. 


rt 


é 
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Ys. Ifthe air-bubble does not remain in the centre of the tube 
after this reversion, it must be corrected, one half of the error by 
the screw attached to one end of the level, and the remainder by 
the vertical arc. A few trials will be necessary to obtain this ad- 
justment perfectly; and the level should be at the same time 
adjusted laterally, s0 as to be in the same vertical plane as the 
line of collimation, if it should be found, on moving the telescope 
slightly on either side, that the bubble becomes deranged from its 
central position. 

The object of the third adjustment is to ensure the verticality 
of the axis of the instrument, and consequently the horizontal posi- 
tion of the azimuth circle, which is instrumentally at nght angles 
to it. The level of the telescope already adjusted furnishes the 
means of effecting this. The instrument being placed approxi- 
mately level, and the lower plate clamped, the upper plate is 
moved till the axis of the telescope is nearly over two of the 
opposite plate screws ; the bubble of the telescope level is then 
adjusted by the vertical arc, and the upper plate turned round 
180° ; if the level is not in adjustment, half the error is to be 
corrected by the plate screws, and half by the tangent screw of the 
vertical arc. The same operation must be repeated with the 
telescope over the other pair of plate screws; and when, after 
several trials, the air-bubble of the level attached to the.telescope 
remains constantly in the centre of the tube in whatever position 
it is turned, it is only necessary to adjust the two small levels on the 
upper plate to correspond, and they will serve to indicate when the 
axis of the instrument is vertical, care being taken to verify their 
adjustment from time to time. 

The vernier of the vertical arc is the last adjustment ; it should 
indicate zero when all the above corrections have been made. If 
it differs from this point, it can be set to zero by releasing the 
screws by which the arc is held; but if the difference is small, it 
is better to note it as an index error +,or —, than to make the 
alteration. The difference between the index error and correction 
for index error should not be overlooked ; a — index error being 
a+ correction; errors have sometimes crept into calculations 
through inattention to this on the part of the observer. 

A better plan of obtaining the index error of the vertical arc 
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with accuracy is by observing reciprocal angles of depression and 
elevation from two stations about four hundred or five hundred 
yards distant. If none exists the angles will correspond ; other- 
wise the errors will be equal, but in an opposite direction ; and 
half their difference is the index error. 

If the distance selected be too long, it becomes necessary to 
take into account the corrections for refraction and the curvature 
of the earth, depending upon the arc of distance, which subjects 
will be explained hereafter: but for the purpose of ascertaining 
the index error of the vertical arc of a theodolite, the distance 
named is quite sufficient. 

The mean of all the verniers should invariably be taken,* and 
each angle repeated six or eight times. The errors of eccentricity 
and graduation of the instrument are thus almost annihilated, 
and those of observation of course much diminished. The 
repetition of angles is also the only means by which they can be 
measured with any degree of minuteness by small instruments : 
the large 2-feet theodolites used on the Ordnance Survey are in 
fact portable altitude and azimuth instruments, and a short de- 
scription of their construction and adjustments will be found at 
. the end of Chapter XII, after the Problems. 

The “ Vernier ” above alluded to is a subsidiary contrivance for 
measuring minute spaces between the graduated divisions of an 
arc of any instrument (or of any scale, such as that of the 
barometer), and consists of a slide moving with the index easily 
along the arc or scale with which it is in close contact. The 


* On the azimuth circle of the large theodolite used on the triangulation of the 
Ordnance Survey, the original verniers were only at the two 
opposite points A and B, the mean of the readings at which 
were, of course, always taken. Subsequently, the verniers at 
C and D were added, each of them equidistant 120° from A, and 
also from each other. It has since been sometimes the custom, 
first to take the mean of A and B, and afterwards the mean of © . 
A C and D, and to consider the mean between these two valua- 
tions as the true reading of the angle; this method has, B 
however, been objected to as being incorrect in principle, an undue importance being 
given to the reading of the vernier A, and also in a smaller degree toB. Theinfluence 
assigned to each vernier is, in fact, as follows:—A.65; B.3; C and D, 2 each. 
A theodolite of the same size and construction has been since made with four equi- 
distant verniers. 
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space occupied by a certain number of the divisions on the limb 
of the instrument is equally divided in the vernief into either one 
more or one less than this number, generally the former, and the 
value of the intermediate space between any divisions on the limb 
is obtained by noting the coincidence of any division on the 
vernier with some other on the limb, which gives the difference 
between one of each of these two divisions multiplied by the 
number, as in each coincidence the zero of the vernier has to be 
moved through a space equal to the difference between one 
division of the instrument and one of the vernier. Call L the 
length of one division of the limb, and V that of one division of 
the vernier, and the number of equal parts into which the 
vernier is divided— 

‘then L(n~1) = Van 

oLn~L=Vux 

whence Ln — Vn = L 


and L — V = 2; 

w% 
that is, the difference between each of the divisions on the 
respective scales is equal to * of oné of the divisions on the limb. 


As the number of divisions on the limb is limited by the size of 
the arc, the subdivisions of the intermediate space between each 
division by means of the vernier is also limited, and for very 
minute readings the micrometer microscope is substituted for it. 
Where the zero of the vernier corresponds with any division on 
the limb of the instrument, of course the observed angle is read 
without the assistance of the vernier. On a 9-inch sextant 
the arc is generally divided to 20 minutes, and 59 of such 
equal parts are sas equal to 60 divisions of the vernier. In 


this case L — V = — = 20”, which is the limit of the power of 


the vernier, the oi length of which must be at least equal to 
19° 40’. 

The micrometer microscope consists of a system of lenses 
similar to those of an ordinary microscope, having across it 4 
rectangular box (whose plane is perpendicular to the optical axis 
of the microscope) in which is placed the diaphragm, consisting of 
two parts, one moving over the other. One of these parts, con- 
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taining the cross wires, is made to move freely with its accom- 
panying index by means of a finely cut screw, the circumference 
of whose outer head is divided into 60 equal parts (or more if 
required), acting against the fixed part of the box and turned by a 
mill head, and the other part of a small comb or set of teeth used 
for noting the number of revolutions of the milled head, and 
capable of adjustment to secure the agreement of the zeros of the 
micrometer and the comb, The micrometer. head can also be 
turned round on the screw, to be made to read zero when the 
cross wires bisect any division on a graduated scale or arc. The 
teeth of the comb agree with the divisions on the arc, whether 
they may be 5, 10, or 15 minutes. The micrometer head when 
divided into 60 parts represents by each division one second, and 
5 revolutions of the micrometer are equal to a space of five 
minutes on the divided limb. In place of the theodolite now 
described, Everest’s theodolite has been much used in India; its 
merits, however, appear to be more than counterbalanced by its dis- 
advantages. The horizontal limb, being supported on three screws 
only, is capable of being levelled very rapidly, and the three- 
legged stand can be used with great facility on top of a wall: on 
the other hand, three screws are not sufficient to steady the 
instrument. In the ordinary instrument, with four screws, each 
opposite pair bear against each other between the parallel plates 
and render the instrument perfectly steady. The adjustments, 
also, in the Everest’s theodolite cannot be properly tested ; for the 
telescope cannot be turned round, nor end for end, nor over on to 
opposite bearing, neither can it be reversed, and it can only be 
elevated or depressed a few degrees. 

METHOD oF DiscoverinG Lost Stations.—It is frequently 
necessary to refer to trigonometrical stations long after the angles 
have been observed ; either for the purpose of fixing intermediate 
points, or of rectifying errors that may have crept into the work. 
Large marked stones should therefore be always buried under the 
principal stations which are not otherwise identified by permanent 
erections, and a clear description of the relative position of these 
marks with reference to objects in their vicinity should be always 
recorded. If, however, any station should be lost, and its site 
required to be ascertained for ulterior observations, the following 
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method, which was adopted by General Colby, will be found to 
answer the purpose with very little trouble and with perfect 
accuracy. 

Let D be the lost station, the position of which is required. 
Assume T as near as possible to the supposed site of the point in 
question (in the figure the distance is much exaggerated to render 
the process intelligible), and take the angles AT B, BTC; A, B, 
and C being corresponding stations which have been previously 
fixed, and the distances of which from D are known. If the angle 
A TB be less than the original angle A D B, the point T is 
evidently without the circle in the segment of which the stations 
A and B are situated; if the angle be greater, it is of course 
within the segment. The same holds good with respect to the 
angles BT C and BDC. 





Recompute the triangle A BD, assuming the angle at D to have 
been so altered as to have become equal to the angle at T, and 
that the angle at A is the one affected thereby. 

Again, recompute the triangle, supposing the angle at B the one 
affected. In like manner, in the triangle BDC recompute the 
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triangle, supposing the angles at B and C to be alternately 
affected by the change in BDC. These computations will give 
the triangles ABE, AB E’, BC F, BC F’ calculated with the 
values of T, as observed at the first trial station (in both the 
present cases greater than those originally taken at D), and the 
angles at A, B, and C, alternately increased and diminished in 
proportion. Produce A T and BT, making T 1 and T1’ equal 
respectively to E D and E’D, the differences between the distances 
just found and the original distances to the point D; and through 
the points 11’, which fall nearly, though not exactly, in tho 
circumference of the circle passing through A B D, draw the line 
00’. A repetition of the same process in the triangle B C D gives 
the points 2 2’, through which draw the line N N’, the intersection 
of which with 0 0’ gives the point T’, which is approximately the 
lost station required. Only two triangles are shown in the 
diagram, to prevent confusion, but three at least ougbt to be 
employed to verify the intersection at the point T’ if the original 
observations afford the means for doing so; and where the three 
lines are found not to meet, but form a small triangle, the centre 
of this is to be considered the second trial station, from whence 
the real point D is to be found by repeating the process described 
above, unless the observations taken from it prove the identity of 
the spot by their agreeing exactly with the original angles taken 
during the triangulation. 

If the observed angle T’ be less than the original angle, the dis- 
tances T1, T 1’, T2, and T 2’, must be set off towards the stations 
A, B, and C, for the point T’; and these stations should be 
selected not far removed from D, and forming triangles approach- 
ing as near as possible to being equilateral, as the smallest errors 
in the angles thus become more apparent. If the observations 
have been made carefully and with due attention to these points, 
the first intersection will probably give very near the exact site of 
the original station, or at all events a third trial will not be 
necessary. 

To save computation on the ground, it is advisable to calculate 
previously the difference in the number of feet that an alteration 
of one minute in the angles at A, B, C, &c., would cause respec- 
tively in the sides AD, DB, DC, &c. The quantities thus 


D 
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obtained, being multiplied by the errors of the angle at T, will 
give the distances to be laid off from T in the direction AT, BT. 
And in order also to avoid as much as possible any operations of 
measurement to obtain the position of the point T’, the distances 
from the trial station T should be laid down on paper on a large 
scale in the directions T A, TB, &c. (or on their prolongation), to 
obtain the intersection T’ of the lines 11’ and 22’ and from this 
diagram the angle formed at T with this point T’, and the line 
drawn in the direction of any of the stations A, B, or C, can be 
taken, as also the distance TT’; the measurement of one angle 
and one short line is all that is required on the ground. 

The triangulation should never be laid down on paper until its 
accuracy has been tested by the actual measurement of one or 
more of the distant sides of the triangles as a base of verification, 
and by the calculation of others from different triangles to prove 
the identity of the results. Beam compasses, of a length propor- 
tioned to the distance between the stations and the scale upon 
which the survey is to be plotted are necessary for this operation ; 
but if the survey when plotted will extend more than six feet in 
length, or be on more than one sheet of paper, it will not be 
desirable or indeed practicable to score the points with beam 
compasses. The lines of the triangles must be referred to the 
meridian, and the points where they cut the sheet edges deter- 
mined by general geometry. 

THE LATITUDE AND LONGITUDE of each of the trigonometrical 
stations were obtained with the most minute exactness on the 
Ordnance Survey, both by astronomical observations and by com- 
putation. For the latitude a zenith sector was used, which was 
constructed under the directions of the Astronomer Royal, and for 
which a portable wooden observatory was contrived. The instru- 
ment is placed in the plane of the meridian, and the axis, which 
has three levels attached, made vertical. In observing, the 
telescope is set nearly for a star, reading the micrometer micro- 
scope to the sector, and the observation is completed by the wire 
micrometer attached to the eye end of the telescope, the level 
readings and the time being also noted. The instrument is then 
turved half round, and the observation repeated, completing the 
bisection on this side by the tangent screw, again noting the levels 
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and times, and, lastly, the readings of the micrometer microscopes. 
The double zenith distance is thus obtained, from whence the 
latitude is determined, as explained in the Astronomical Problems. 
The latitudes and longitudes have been adapted to the Ordnance 
Maps published on the enormous scale of 6 inches to 1 mile, to 
seconds of latitude and longitude, with a very trifling maximum 
error, @ traumph of practical science that some years since would 
have been deemed impossible. 

OBSERVING.*—Place the instrument precisely over the centre of 
the station. Choose or set up a referring object (called in field- 
book R. O.) about a mile or two away from the station, and in such 
a position that it can be seen at all times when observations can 
be made. In hot climates it is desirable-there should he a valley 
between the station and R. O. in order that the motion of the 
air over the heated ground may not influence the observations. 
The observation of the R. O. begins and ends each series of 
observations, and any difference between the readings will show 
whether the instrument is in good adjustment, or whether any 
slight shift has taken place. All observations, remarks, &c., 
should be entered in the field-book on the ground, at the time of 
observing, in wnk ; and additions of any kind made in the book in 
the office should be entered in a different-coloured ink, so that no 
possible mistake can arise as to what has actually been entered in 
the field. 

A record should be kept of all trigonometrical stations, giving a 
sketch of the position of each, and measurements from it to any 
permanent objects near, and any other data from which the station 
may be recovered should it be required in after-years. 


* Captain Bailey’s instructions to his observers in the triangulation of Cape Colony 
were, ‘‘ to be careful that the instrument was in good order and adjustment ; to move 
the lower plate in azimuth in one arc, and to reverse the instrument every alternate 
arc ; to book all observations in ink, and add nothing afterwards to the entry made 
on the spot; to take no observations in unfavourable weather ; to pay primary at- 
tention to observing the principal stations ; to observe these not less than twenty 
times, and other objects not less than five times, if possible ; to prefer poles or piles 
to heliostats ; to observe all permanent objects in sight, especially such as could be 
identified and fixed by observations from some other stations, such as churches, 
prominent hills bearing distinctive names ; to keep a constant look-out, in the hope 
of picking up any newly erected begcong; to take vertical observations four to six 
times.” 
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THE FIXATION OF A POINT FROM OBSERVATIONS AT ITSELF is 
much made use of in maritime surveys, but it is also frequently 
requisite in the streets of a large town where the chaining of the 
sides of the minor triangles would be impracticable, and where it 
is necessary either to traverse the streets or (what is far better) to 
fix in them a considerable number of interpolated bolts or stations, 
by means of which the town may be divided off into blocks or 
rectangles. A bolt may often have not been observed from any 
other station, but provided three or more stations (whose positions 
can be computed) can be observed from it, its position may be as- 
certained either by construction, calculation, or adjustment. 

The following is the mode of obtaining the position of the 
observer by construction in the case that most commonly occurs, 
viz. when the three points form a triangle, without which the 
place of observation lies :—O, P, and Q represent the three points 


, Sf : \ oe 
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on shore whose positions have been determined by interior tri- 
angulation, and S a rock or anchorage whose place is to be 
determined with relation to the stations above mentioned. Suppose 
the angle QSP is observed 35°, and PS O=40", describe a circle 
passing through Q, S, and P, which is thus done :—Double the 
angle QSP which=70°; subtract this from 180, leaving 110°; 
lay off half of this, or 55° at PQ R, and QP R, and the angle at R 
is evidently=70°, or double QS P; now the angle at the centre 
being double that at the circumference, a circle described from R 
as acentre with the radius RQ, or R P, will pass through the point 
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S. In like manner a circle described from V, with the radius 
V P, will also pass through S, and their intersection gives the spot 
required. 

The position of the point is found by adjustment by means of a 
thin piece of tracing paper on which the observed angles are 
plotted ; this can be shifted about until the point falls on to the 
only spot from whence the lines containing the observed angles 
will pass through the three fixed stations. An instrument, called a 
station-pointer, is also sometimes used for this purpose. 


The formula for calculation is cot. BA O=cot. S C sin. BOC 


cosec. AO B. Sec.S + 1). Wherea and 6 represent the sides BC 
and AC respectively, and S represents 360°—A O C—A BC. 

This method of fixing a point will also be found very useful 
when travelling in a country where only a few of the leading 
features are known, especially should one of the lines observed 
be referred to the magnetic north, or, better still, to the true 
meridian ; in the latter case the position of O can be immediately 
obtained by construction or calculation with facility. 

POSITION FOUND BY LATITUDE AND AZIMUTH ANGLES.— Re- 
quired to find the position of O, the point A being fixed and visible. 

From the point O ascertain the true me- 
ridian NO, and measure the azimuth angle 
NOA. Observe for latitude at O, and com- 
pute the side A O or AN in the nght-angled 
triangle A NO, the angles being known 
and also the base N O, which equals the 
difference in latitude between A and O. 

It is of course desirable that more than one 
fixed point should be observed to from O. 

This system may be the nearest approach to a trigonometrical 
survey practicable in a wild or hostile country, and is susceptible 
of considerable comparative accuracy, if carried on with judgment ; 
it is, however, after all, but a makeshift compared with a triangula- 
tion, and should, perhaps, have been mentioned under the head of 
a Military Reconnaissance. 
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CHAPTER IV. 


INTERIOR FILLING-IN OF SURVEY, EITHER ENTIRELY OR 
PARTIALLY, BY MEASUREMENT. 


THE more carefully the triangulation has been carned on, the 
easjer and the more correct will be the interior filling up, whether 
entirely by measurement, with the chain and theodolite, or only 
partially so, the remainder being completed by sketching; the 
former of these methods will be first explained.— 

MINOR TRIANGLES.—On the Ordnance Survey the sides of the 
tertiary or minor triangles (whose true lengths have been com- 
puted from the triangulation) are: actually measured with the 
chain from trigonometrical point to point, the directions of the 
lines forming their sides (one to three miles in length) having. 
been partially selected with reference to the ultimate objects, viz., 
the delineation of the natural and artificial objects on the surface 
of the ground and the boundaries of woods, estates, parishes, &c. 
' Where it is practicable, these lines should connect conspicuous 
permanent objects, such as churches, mills, &c.; and in all cases 
the old vicious system of measuring field after field, and patching 
these separate little pieces together, should be most carefully 
avoided.* The method of keeping the field-book in measuring 
the interior with the chain, and plotting from its contents, is of 
course similar to the usual mode of surveying estates, parishes, &c. ; 
and, as stated in the Preface, this preliminary knowledge is sup- 


* Very excellent instructions for the guidance of surveyors employed in forming 
plans of estates and parishes are to be found in the report from the late Colonel 
Dawson, Royal Engineers, to the Tithe Commissioners of England and Wales, 
November, 1836, from which report Mr. Bruff, in his ‘‘ Engineering Field-book,” 
has extracted a number of valuable directions. 
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posed to have been already acquired. But on an extensive 
survey one general system must of necessity be rigorously 
enforced, to insure uniformity in all the detached portions of 
detail, and on this account an outline of the system adopted in the 
Ordnance Survey is given. 

THE CHAIN AND ITs UsE.—In surveys which have reference to 
the superficial measurement of land in acres, Gunter’s chain is 
always used on account of its enabling the contents of triangles, 
parishes, &c., to be computed by means of the decimal system. 
It is 66 feet (=4 poles) in length, and is divided into 100 links 
of 7-92 inches each. A square chain equals 484 square yards, and 
therefore 10 square chains equal 4840 square yards, or one acre, 
hence the area when computed and expressed in square chains 
and decimals is converted into acres by merely dividing the 
amount by 10; if any decimals remain, they are reduced to 
roods and perches by multiplying first by four and then by 
40, thus :-— 

669°146 square chains=66°9146 acres. 
4 





3°6584 roods. 
40 : 





Giving 66 a 3r. 26336 p. 26-3360 perches. 


For lineal measurement, for the survey of towns or fortifications, 
or for ascertaining the content in square yards or feet, a chain of 
100 or 50 feet is often used; but the former is inconveniently 
long and too unwieldy, and the latter, though handy, is very liable 
to cause confusion either in taking the measurement or in booking 
it, because in each hundred feet the chain has to be twice laid; 
for example, a point at 275 feet on line would read 25 on chain, 
and it is only by the exercise of great vigilance that errors of 50 
feet both in the detail and in the total length can be prevented 
creeping in. These chains are divided into links of one foot 
each. | 

The chain is constructed of lengths of stout iron wire, with eyes 
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at each end, connected together by means of two or three elliptical 
bends or rings, each of these lengths, with a portion of the adjoin- 
ing bends, is called a link; the chain is caused to coincide with 
the standard length by adding or removing one or more of these 
bends, but care must be taken that this adjustment should not be 
effected at one point in the chain, but should be distributed over 
its length, so that it may not only be correct as a whole, but that 
also the distances from any one point to any other in the chain 
may be nearly exact. 

At every tenth link in the chain a piece of brass is hung on, cut 
to a shape denoting the number of tens counted from ends to 
centre; these numbers being generally indicated by means of deep 
notches separating the end of the brass into fingers. In a chain of 
100 links these brasses would show respectively 1, 2, 3, 4, 5, 
4, 3, 2, 1, so that the chain may be used from either end; the 
brass at 5, instead of having five fingers, is generally round or 
oblong, so as to be easily observable at a short distance. It is most 
necessary that the marks on these brasses should be distinct; other- 
wise, when chaining in muddy roads, mistakes of 10 links will occur. 

As the chain is apt to alter considerably in length from 
day to day when in use, it is necessary to test and correct it at 
the commencement and return from work with an accurate chain’s 
length marked on the ground near the office or house where it 
is kept; at this time care should be taken to straighten all the 
lengths of iron wire that have become bent; if this is not carefully 
attended to, considerable errors may occur in the length of lines 
chained, on account of the wires gradually straightening by the 
tension they are subjected to during the day, and thus causing an 
increase in the length of chain. It is also to be remembered that 
it is not sufficient merely to lay the chain along the standard 
length in testing, but that the same power of tension should 
be exerted as is exercised in the field; at the same time it must 
not be forgotten that the sag of a chain when pulled taut and 
suspended above the ground somewhat lessens its horizontal 
length as compared with what it would measure were the same 
tension exerted while it lay on a smooth surface. The exact 
amount of tension required is therefore not constant, and can only 
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be ascertained by practice; it is a subject to which the young 
chainman must pay particular attention. 

Each chain is provided with ten arrows of iron wire, each 
12 inches long, pointed at one end and bent into a ring at the 
other, to which is attached a piece of red cloth to render it conspi- 
cuous when chaining over grass lands. The offset staff, ten links 
in length, should be made of stout wood (ash or red pine) painted 
black, about 1 inch square at centre, shod at one end with an iron 
point for sticking into the ground, and at the other with a hook 
for dragging or lifting up the chain by the handle through a 
hedge or among underwood. The links should be marked by 
white rings run round the staff, the centre being made con- 
spicuous by a double ring. 

The station poles should be about 12 feet long, pointed and shod 
with iron, and surmounted by a flag; they are used in taking up 
alignments, and for marking the stations. 

On the 6 inches to a mile scale offsets should not exceed a 
hundred links (66 feet) in length as a rule, but on smaller scales a 
greater latitude may be allowed, especially where the object to be 
fixed is not very clearly defined. The cross staff is often used in 
setting off perpendicular lines, but it is not to be compared to the 
optical square ; this is a little instrument by which objects per- 
pendicular to the line at the point where the observer stands are 
reflected in a mirror so as to coincide with objects in the line 
chained ; by means of it long offsets may be taken. 

The measuring tape may often have to be used for working 
round a building, or in a town; but it 1s very inconvenient in wet 
weather, unless a superior article is used; the cheaper tapes soon 
fray out and become bundles of rags: those covered with a water- 
proof coating are recommended. In some tapes three or four 
fine wires of copper are interwoven, and appear to increase their 
durability. 

It isa matter of opinion as to whether the surveyor should have 
two chainmen, or whether he should add the chaining to his other 
duties. The first system is recommended as tending to economy 
in the long run, if the surveyor understands how to keep his men 
constantly and advantageously employed. 
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The method of using the chain must be studied in some work 
devoted to land-surveying ; in Haskoll’s surveying there is a very 
full and excellent account ; some of the principal precautions to be 
taken can only here be noted. The leading chainman must place 
the arrow in the ground exactly at the end of the chain, and be 
careful to thurst it in perpendicularly ; in chaining horizontally 
down a slope, he must be very careful how he drops the pointed 
plummet ; for, if one of the fingers should give it a twitch in letting 
go, it may be thrown some inches away from the point it should 
strike. After the offsets have been taken, the leader, in moving 
forward, should give the chain a cast to the right, in order that it 
may not be drawn against the arrow. The lines chained must be 
perfectly straight. 

In chaining down steep slopes an entire chain’s length cannot be 
measured at once; but a portion of the chain may be held hori- 
zontally, the plummet being dropped from the end of it, then 
another portion of the chain is measured from the point where the 
plummet falls. It is. desirable to avoid chaining in horizontal 
portions up steep slopes, as the chances of error in such cases are 
considerable: it is sometimes preferable to chain a line in two 
parts; for example, a side of a minor triangle extends from hill top 
to top across a deep valley, it may be advantageous to chain from 
each trigonometrical point to some centre point, say on the night 
bank of the stream, instcad of chaining down one hill-side and up 
the other. 

Chaining by horizontal distances is-the usual system practised in 
the Ordnance Survey, and it merits being adopted generally, both 
because it is found that it is attended with good results and that 
by it all reductions and subsequent calculations are avoided; but 
when this system is not adopted, it 1s necessary to measure along 
the surface of the ground, and observe’ the angles of elevation or 
depression : when the theodolite is used for this purpose, the num- 
ber of links to be deducted from each chain can be obtained by 
reference to the reverse of the vertical arc where it is marked ; 
and the reduction can be made in the field by drawing the chain 
forward the stated number of links. 

When the reflecting level, or the clinometer, is used for measuring 
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the slope roughly, a table is generally kept in the field-book for 
reference, showing the reduction on 100 links for every half-degree 
of inclination, from 2° to 21°. 


| ; : 
Angle of In-| Reduction | Angle of In-| Reduction |; Angle of In-. Reduction 


1 











clination. in Links. clination. in Links. clination. | in Links. 
Qf : ° 4 ° é 
20 0°06 8 30 1°10 150 3°41 
2 30 0°10 | 90 1°23 15 30 3°64 
30 0°15 9 30 1°37 16 0 3°87 
3 30 0°19 10 0 1°53 16 30 4°12 
40 0°24 10 30 1°67 17 0 4°37 
430 0°31 11 0 1°84 17 30 4°63 
50 0°38 11 30 2°01 18 0 4°89 
5 30 0°46 120 2°19 | 18 30 5:17 
60 0°55 12 30 2°37 | 19 0 5°45 

“6 30 0°64 13 0 2°56 | 19 30 5°74 
70 0°75 13 30 2°76 | 20 0 6°03: 
7 30 0°86 140 2°97 20 30 6°33 
8 0 0°97 14°30 3°19 21 0 6°64 
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FIELD-LEVELLING Book: ANGLES OF ELEVATION AND DE- 
PRESSION.—Previous to commencing any measurement, the ground 
should be carefully walked over for the purpose of laying out the 
work, and marks set up at the average height of a theodolite on 
the highest parts of the different hills, on the necks of the ridges 
jutting out from them, and at the level of lakes and rivers in 
various parts of their course, as well as on the site of permanent 
objects, such as churches, &c. These levelling marks should be 
all numbered and entered in a separate book, termed a field- 
levelling book, which also contains reciprocal angles of elevation 
and depression afterwards taken between them for the calculation 
of the horizontal values of the measured lines and of their com- 
parative altitudes; these quantities are subsequently reduced to 
their actual heights above the level of the sea.* It is to be recol- 
lected, however, that the altitudes ascertained in this manner are 


* Among the advantages of connecting a well-arranged series of levels with the 
plan of any portion of country, is that of rendering it at once available to the 
engineer in selecting the best trial lines for roads, railroads, or canals. The system 
of tracing horizontal contour lines at short vertical intervals, instead of sketching the 
features of the ground, affords not only the means of deciding upon the best trial 
lines, but actually furnishes data for constructing accurate sections across the country 
,in any direction. 
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only approximate, and are of no use where minute accuracy is 
required ; the only rigidly accurate method of obtaining the alti- 
tude of a point is by tracing horizonal lines with a spirit-level up 
to it from some point whose height is known (see Chapter V. on 
Levelling); in this case the levelling is a totally independent 
operation, quite separate from the survey, and may be performed 
even hefore the survey has been commenced. 

However, the comparative heights obtained by levelling with 
the theodolite during the survey present so many moderately 
certain points of reference as to the relative command of the 
ground, and are of course of the greatest assistance in the sub- 
sequent delineation of the features upon the outline plan in hill- 
sketching, &c., or even for showing the general lie of the contour 
lines, 

The following is the form kept in the field-levelling book for 
obtaining the data for the calculation of these values :— 


ie Horizontal | Appa Apparent Elevation 
From to | Her or Depression. Remarks. 








err nemm cc 


7 


The third column, headed “horizontal reading,” is the reading 
of the vertical arc when the telescope is levelled, and is, in fact, the 
undex error, which is however best determined by reciprocal angles 
of elevation and depression as before explained; and under the 
head of remarks are kept horizontal angles to surrounding objects 
and other collateral details. From the angles thus observed, and 
the known distances between the places of observation, is made 
out the following table :— 
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FORM OF REGISTER OF HORIZONTAL AND VERTICAL DISTANCES. 
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This form almost explains itself: the first column refers to the 
plot or plan in which the points or lines are contained; the 
second shows the measured length of the line written between the 
letters marking its extremities ; the third gives the mean elevation 
or depression of the second object deduced from the reciprocal 
angles in the levelling field-book after applying the correction for 
the index error in the third column of the same book, and also 
those for curvature and refraction when very long distances render 
their effect sensible ; the fourth column contains the log. cosine 
of the angle in the preceding one, and the logarithm of the 
distance, the natural number answering to the sum of which is 
entered in the fifth column. The sixth contains the logarithm of 
66 =9°8195439 (the proportion of one link to one foot), the log. 
sine of the angle, and the log. of the distance; and the number . 
answering to the sum of these three logarithms gives the relative 
altitude in feet, which is entered in the seventh column. The 
eighth column shows absolute altitudes above low-water mark, 
those that have been previously determined by levelling being 
entered in red: the others are obtained by the addition or sub- 
traction of the altitudes in the preceding column. 





2, 9922560 1,5781383|/ | 
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FIELD-BooK AND METHOD OF SURVEYING IN A TRIANGLE.— 
When the sides of the triangle are long, or are to be traced over undu- 
lating ground, it is necessary to mark out the exact alignment with 
a theodolite, as it is quite impossible to set it out accurately with 
the eye: should this precaution be neglected, the sides of the 
triangles will probably be traced crooked, and the interior lines 
will, on the ground, be either too long or too short. 

During the laying out of these sides, points in them are selected 
and recorded (and pickets and nails driven in the ground), from 
whence other lines are traced for cutting up the interior of the 
triangle in the most advantageous manner for the survey of roads, 
rivers, hedges, &c., and also with a view to the determination of the 
natural and artificial boundaries ; so that, by means of the measured 
lines running near them, the whole of the interior content may be 
computed from the “ Content Register” (see page 54), made out 
directly from the field-book, the calculation from the plot or plan 
being afterwards made simply as a check upon the other. 

In commencing a field-book, the first pages after the index are 
devoted to the diagrams of the triangles. These usually consist of 
a general diagram showing the principal cutting-up lines, and dia- 
grams of a large size showing the positions of all the lines measured 
within these cutting-up lines. For example, in Plate 1 the triangle 
A BC may be considered as a general diagram showing only the 
principal lines, and on the following pages in the field-book would 
be given the whole of the lines measured in the triangles B I E, 
EIF, &c., which cannot be shown in the first diagram for want of 
space. It is to be noted that it is not necessary to use the dis- 
tinguishing letters A, B,C, excepting when the survey is connected 
with the computation of the contents of parishes, &c.; in all other 
cases the lines are simply distinguished by their measured length 
and the page to which they are referenced. 

In the diagram is shown only the length of each line written i 
_ the direction it was measured, the distance along the line from 
which any other line may be chained or may terminate, and the 
page in the field-book where the details of the chaining may be 
found ; the length of the line is written over it, and the number of 
the page underneath it. All this is penned in with ordinary black 
ink as neatly as the surveyor is able to do it with a steel pen and 
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rule: the diagrams are not drawn to any scale, but are to give a 
general idea of the position of each line. When the field-book is 
forwarded to the head-quarter office, the correct length of each of 
the long lines is computed from the tnangulation, and their correct 
readings, together with the corrected figures of the cuttings, are 
entered in red ink close to the original figures: the book is then 
_ turned over to the plotter, who, from these diagrams alone, lays 
out all the measured lines, and has no occasion to refer to the 
detail measurements for this purpose. 

The surveyor must recollect that, however well he may understand 
his own field-book, it is of no avail unless it is equally intelligible 
to the plotter; and he must therefore strictly adhere to the rule 
laid down for the particular survey on which he may be employed, 
and must always book his measurements with a view to their mean- 
ing being readily comprehended in the office. A few references or 
measurements forgotten to be booked may cause hours of extra 
work in the office and considerable additional expense in the re- 
admeasurement of lines. 

For the booking of the measurements of the sites and other 
lines three lines are drawn up the centre of the field-book, about 
three-quarters of an inch apart, in order to allow of the entry of 
the number of links at which the cuttings take place; the narrow 
_ space to the left is for the chained measurements; that to the 
right is for the corrected measurements, which are entered in red 
ink ; the offsets are written to the right and left of these lines: 
where lines are too short to require correction, say under 2000 
links, the second space is omitted. The probable amount of error 
in chaining is 1 in 1000; but a greater amount is often allowed 
when surveying for small scales, according to the nature of the 
ground passed over. 

The system of booking the measurements or offsets is shown on 
Plate 3; the lines drawn round certain figures denote points from 
which ther lines have been measured. 

Sometimes with short lines it is found advantageous to survey 
several lines on one page in the position they bear to one another ; 
the connection of hedges is often rendered much more apparent to 
the plotter by this system (see Plate 3a). Every line is booked 
in the direction it is run, that 1s, from bottom to top of page. 
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Every surveyor dates his day’s work in the field-book, and at some 
convenient spot on each page collects the total length of lines and 
offsets contained in it. The amount is carried over and added to 
that of the next page, and so on, to the end of the day’s work : the 
names of all the men employed each day should also be entered. 

The field-book should be kept in ink in the field, and have a 
distinctive letter marked upon it as a reference: no work should 
be entered in pencil, and all erasures with a knife should be for- 
bidden ; if mistakes are made, the figures should be crossed out 
and the corrections entered alongside, with the initials of the 
surveyor. 

The average daily progress of a good surveyor.in England, 
surveying for the six inch to a mile scale, is— 


With one chainman. 


Close large village : . about 5 acres. 
Villages and surrounding fields, &c. : » 14, 
Close country, gentlemen’s houses, 

demesnes, &c. : yy 20 s 
Medium country, ordinary felis aa 

scattered farms . : , 00 to32,, 


Open moorland, with roads, sireanis 
boundaries, cart-tracks, &c. (no 
fields) . ; ; : : 2 DOs tes 


The offsets should be numerous and minute in proportion to the 
scale upon which the survey is made; but they must also be 
governed by the nature of the work : thus it is evident that it is 
not necessary to take offsets to more points in a straight line than 
the two extremities, however long it may be. 

It is impossible in a work of this nature to call attention to all 
the important points connected with detail surveying, which, be it 
remembered, is a profession or calling only learned thoroughly by 
years of practice ; and it is now necessary to pass on to the next 
process— 

Plotting, which is described in Chapter VII. 

Examining.—Portions of the work as plotted from the field- 
hook are then transferred to cardboard or drawing-paper, or traced 
off on thin bank-post paper, which latter has this advantage, that 
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it is capable of being folded over a piece of Bristol board fitting 
into the portfolio, and from its large size, it will contain on the 
same sheet distant trigonometrical points which will constantly be 
of use in the field. It can be folded over the pasteboard, so as to 
expose any portion that may be required, and when the work is 
drawing near to the edge it is only necessary to alter its position. 
In moist weather prepared paper, commonly termed asses’ skin, is 
the only thing that can be used, as the rain runs off it immediately 
without producing any effect on the sketch. 

The examination, though indispensable, introduces an evil which 
cannot be too carefully guarded against ; for if it compels a dishonest 
workman to do good work, it at the same time may induce an honest 
workman to become negligent, from the knowledge that if he does 
make a mistake it will be rectified by the examiner: every effort 
should be made to cause the surveyors to consider that their work 
is the only basis for the laying out of the detail, that the examiner's 
work is for the purpose of testing its accuracy, and not for correct- 
ing it; and deductions of pay or fines should be inflicted on sur- 
veyors who have done bad work, to compensate for the time lost by 
the examiner in rectifying it. The examiner should have a chain 
and offset staff with him. His duties, besides correcting, are to 
show the nature of the buildings, whether wood or stone, &.; to 
insert the fire-plugs, hydrants, cesspits, surface gutters, and other 
small details left out by the surveyor; to show everything in such 
@ manner that it can be clearly understood by the draughtsman, 
and to insert the names for the lettering: in the open country he 
is often also a hill sketcher; but on extensive surveys many of 
these duties become distinct specialities performed by men who 
take them up as their constant employment. 

Final examination.—When the plan is penned in by the 
draughtsman and ornamented, it is taken out into the field by the 
superintending officer and subjected to a rigid final examination : 
the trial of the comparison of the intersection of lines drawn 
through points over the ground with those on the plan is a severe 
test. 

TRAVERSING.—The survey of the roads (though for the sake of 
saving unnecessary labour it is as much connected with them as 


possible) is sometimes quite independent of the measured triangles 
E 
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connecting churches or other permanent objects and the minor 
trigonometrical points, which lines mutually constitute a check 
upon each other. The term traversing is generally applied to 
this, and indeed to all irregular surveying by the chain and 
theodolite. On starting from any point in road surveying, the 
instrument being adjusted and set to zero, the telescope is directed 
upon one of the most conspicuous stations, and after taking two or 
three angles to other fixed points, the forward angle is read off in 
the direction it is intended to pursue, and the upper plate firmly 
clamped ; the magnetic bearing of this meridian should also be 
read and booked. On arriving at the end of this line the theo- 
dolite is set on the flag-staff or picket left at the back station, the 
plates remaining still clamped to the last angle; and the reading 
on the graduated limb when the telescope is pointed to the next 
forward station is not the number of degrees contained between 
these two lines, but the angle that this second line forms with the 
jirat meridian, or the line upon which the theodolite was firat set. 
The eye at each round should glance at the magnetic bearing, 
which should read as at starting, otherwise the plates have slipped, 
and it will be necessary to retraverse a portion of the work. This 
method, now in general use among surveyors, saves the trouble 
of shifting the protractor at every angle when plotting the work, 
and also insures greater accuracy, as the bearings being laid down 
from one meridian,* a trifling error in the direction of one line 
does not affect the next. As the work progresses, of course other 
lines are selected as meridians ; and it should be an invariable rule 
on beginning and ending a day’s work, always to take the angles 
between the back or forward stations and any two or three fixed 
points that may be visible. 

This rigidly mechanical method of surveying the interior evi- 
dently leaves nothing to be afterwards filled up in the field, except 


* The readiest way of plotting lines whose directions have all reference to one 
meridian is by the use of a circular pasteboard protractor, with the centre cut out. 
A parallel ruler or angle (if the angle and ruler be preferred) is stretched across its 
diameter to the opposite corresponding angle, the zero having been first laid on the 
meridian line and moved forward to the point from whence the bearing is to be 
drawn. For surveys on a very large scale, however, the semicircular brass protractor, 
with a vernier, is better adapted, as being more minutely accurate. 
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the features of the ground, which is effected either by sketching or 
by tracing horizontal contour lines at fixed vertical intervals. 
COMPUTING CONTENTS OF PARISHES, &c.— Where the boun- 
daries of parishes, townlands, &c., are to be ascertained and 
shown on the plan, there must be persons procured whose local 
knowledge can be depended upon, and whose authority to point 
them out to the surveyors is acknowledged. The most accurate 
method of calculating the contents contained between the various 
boundaries of parishes, estates, &c.,* has been already stated to be 
from the data furnished by the field-book, in which case every 
measured figure must be either a triangle or a trapezoid. The 
diagram and the content plot must be first drawn in outline, and 
used as references during the calculation to prevent errors and to 
assist in filling up the content register, and from this the acreage 
of the different portions is taken. The annexed example of the 


* The contents even of the fields and other inclosures can be calculated from the 
freld-book ; but if the parishes and larger figures are so determined, the minute sub- 
divisions of the interior may be taken from the plan. On the Ordnance Survey of 
Ireland, the number of acres in the different parishes, baronies, &., were calculated, 
a3 also those covered by water, and given in a table accompanying the ‘‘ Index Map” 
of each county ; but the contents of the fields were not computed, though the hedges 
and other inclosures are shown on the plot. The contents of inclosures can be very 
quickly ascertained from the plan, by drawing lines in pencil about one or two chains 
distant across the paper, both longitudinally and transversely, or by laying a piece 
of transparent paper, so ruled, over it; the number of squares in each field are then 
counted, and the broken portions either estimated by the eye or reduced to triangles 
for calculation. A very rough and ready method of approximately checking the com- 
putation is to weigh a portion of paper equal to the area of the part computed, and 
compare it with the weight of an acre (on same scale) of the same paper; for this 
purpose trace or transfer the outline of the computed area to the paper and cut out 
with a pair of scissors, 

The ‘‘computing scale,” upon a principle similar to the pediometer described at 
the end of this work, also affords the means of ascertaining mechanically the acreage 
of inclosures divided into triangles or trapeziums. It has been for many years in use 
at the Tithe Commission Office, for the purpose of calculating and checking the 
contents of plans surveyed under the Act of Parliament, and is productive of a great 
saving of time and expense. The principle of the construction of the pediometer 
depends upon the following equation, combined of the sum and difference of a diago- 
nal of the trapezium and the two perpendiculars. Let @ represent the diagonal, and 
a b_(ta-+40)—(da— $0)* 

2 2 

Acreages of inclosures, &c., are now obtained on the Ordnance Survey by the Com- 

puting Scale to the ;4, part of an acre with great rapidity. 


b the sum of the two perpendiculars ; then the area 


E 2 
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field-book, with the diagram content plot and content register, all 
deduced from it, will better explain the details of this system. 

In this specimen of a field-book, all offsets, except those having 
relation to the boundary lines (supposed to be of townlands, or any’ 
division of property, the contents of which are to be calculated 
from the field-book), are purposely omitted to prevent confusion, 
the example being given solely to illustrate the method of calcu- 
lating these larger divisions. The rough diagrams are drawn in 
the field-book not to any scale, but merely bearing some sort of 
resemblance to the lines measured on the ground for the purpose 
of showing at any period of the work their directions and how 
they are to be connected; and also of eventually assisting in laying’ 
down the diagram and content plot. On these rough diagrams are 
written the distinctive letters by which each line is marked in the 
field-book, and also its length, and the distances between points 
marked upon it, from which other measurements branch off to 
connect the interior. The boundary lines are further distinguished 
from those run merely for the purpose of taking offsets to the 
minute subdivision of the property, &c. (and which, as before 
observed, are omitted in the present instance, both in the field- 
book and the plot), by dotted lines; so that in plotting the diagram 
to a scale, their difference is at once perceptible. 

The form of keeping the field-book is similar to that practised 
on the Ordnance Survey, reference to the letters distinguishing 
former measurements being always made, the letter of the begin- 
ning and ending of every line by which it 1s designated in the 
diagram, being also written at the top and bottom of its represen- 
tative in the field-book. | 

The construction lines all forming triangles, and offsets having 
reference to the boundaries, are retained in the content plot, and 
tend to prevent mistakes in the calculation. 

In the content plot and diagrams* the trigonometrical points 
A, B, C, D, are on an average rather more than half a mile apart, 
so that in reality the same number of divisions of townlands 
would not occur in the space comprised within them ; and, instead 


* It is now usual on the Ordnance Survey to combine the information contained in 
the ‘‘ Content Plot” and ‘‘ Diagram” in one drawing. 
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of letters, they would be distinguished by the name of the 
townland or parish. 

The large letter B 2 on the diagram of the triangle A BC refers 
to the distinctive mark of the field-book ; and the small figures 
3, 4, 5, &., written along the construction lines, to the different 
pages of the same book, to which reference can thus be made at 
any moment. 

The contents only of the large divisions are calculated from the 
field-book. Those of the minute inclosures are (if required) 
obtained by the computing scale from the plot, from which the 
contents of townlands and parishes are also computed, for the 
purpose of checking the previous calculations. 

The method of calculating these contents by means of the 
measured triangles and offsets will be easily comprehended by 
comparing together the field-book, content plot, and content register, 
for the triangle CAD. That for A BO, being on exactly a 
similar principle, has been omitted, as it could add nothing to the 
explanation of the system. 
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It is customary for land-surveyors to compute their work from 
the plot, adding up the contents of each inclosure for the general 
total, which is perhaps checked by the calculation of two or three 
large triangles ruled in pencil so as to correspond nearly to the 
extreme boundaries whose lengths are taken from the scale; but if 
the rigid mode of computing everything from the field-book is 
deemed too troublesome, still the areas of the large triangles, 
measured on the ground, should be calculated from their dimen- 
sions taken from the field-book, and the contents of the irregular 
boundaries added to or subtracted from this amount, which consti- 
tutes a far more accurate check upon the sum of the contents of 
the various inclosures than the method in general use. The cal- 
culation of irregular portions outside these triangles is much facili- 
tated by the well-known method of reducing irregular polygons to 
triangles having equivalent areas. 

When the contents of fields are to be calculated from the plot, 
which is most rapidly and easily done by the computing scale, 
the scale should not be less than twenty, and may be as much 
as three or four chains to one inch. The former of these two 
last scales is that on which all plans for railroads submitted to the 
House of Commons are required to be drawn, and the latter is 
used for plans of estates, &c. 

It may perhaps be thought that too much stress has been laid 
upon forms in the above description of the details of an extensive 
survey ; but method is a most essential part of an undertaking of 
such magnitude, and without excellent preliminary arrangements 
to insure uniformity in all the most trifling details, the work 
never could go on creditably. In topographical surveys on a 
smaller scale, where the boundaries of parishes, &c., are not to 
be shown, or the contents of various portions to be calculated, 
the same rigid attention to minutiz is not requisite ; but before 
closing this branch of the subject, it is only* necessary, as a proof 
of the mass of valuable statistical and geological information that 
can be collected during the progress of a national trigonome- 
trical survey, and which is quite out of the reach of any indi- 
vidual, to turn to the first volume of “The Ordnance Survey of 
the County of Londonderry.” If this valuable accompaniment 
to the field operations could have been continued throughout 
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every county, Ireland would be possessed of more available local 
knowledge than is on record in any part of the world. 

The following brief hints may be found useful in filling in the 
detail of a survey with the chain and theodbolite. 

TRAVERSING WITHOUT THEODOLITE.—Irregular inclosures and 
roads, even where triangles cannot be measured, can still be sur- 
veyed by the chain alone, but of course not so accurately as with 
the aid of the theodolite. 

This method of “traversing” is managed as follows :—Suppose 
A B the first line, and BC the direction in which the next is 





required to be measured, prolong A B to E, make B F equal to 
B E, and measure the chord E F, from which data the direction of 
B C can be laid down. 

SKETCHING.—To return to the second division of this subject, 
viz., the filling up of the interior partly by measurement and partly 
by sketching, which is generally the mode adopted in the con- 
struction of topographical maps. 

The roads with occasional check lines, are measured as already 
described, the field-book being kept in the same method as when 
the entire county is to be laid down by measurement, excepting 
that all conspicuous objects some distance to the right and left of 
the lines are to be fixed by intersections with the theodolite, 
either from the extremities of these lines or from such interme- 
diate points as appear best adapted for determining their posi- 
tions. These points when plotted, together with the offsets* from 


* Mr. Holtzapfell’s ‘‘Engine-divided Scales,” engraved on pasteboard, will be 
found very useful, and their low price is an additional recommendation. Marquois 
scales are also adapted for plotting and drawing parallel lines at measured intervals, 
as well as for other purposes. The offset and plotting scales, introduced by Major 
Robe on the Ordnance Survey, are as convenient as any that have been contrived. 
The plotting scale has one bevelled edge; and the scale, whatever it may be, 
engraved on each side, is numbered each way from a zero line. The offset scale is 
separate, and slides along the other, its zero coinciding with the line representing the 
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the field-book, present so many known fixed stations between the 
measured lines, and of course facilitate'the operation of sketching 
the boundaries of fields, &c., and also render the work more 
correct, as the errors inseparable from sketching will be confined 
within very narrow limits. 

THE Box SextTant.—The portable instruments generally used in 
sketching between measured lines and fixed points in the interior, 
as well as in military sketches made in the exigency of the 
moment sometimes without any measurement whatever, are, a 
small 4-inch, or box sextant, or some other small reflecting instru- 
ment,* and the azimuth prismatic compass. The box sextant 1s, in 
its principle and adjustment, nearly similar to the sextant de- 
scribed among astronomical instruments in the opening of Chapter 
XII. It is, as its name indicates, inclosed in a box, with a lid 
which is unscrewed when required for use. The index, instead of 
moving by the hand, and being adjusted when clamped by the 


measured distance ; the dimensions are marked on, the bevelled edge of this short 
scale to the right and left of zero, so that offsets on either side of the line can be 
plotted without moving the scales ; and from the two being separate, there is not 
the same chance of their being injured, as in those contrivances where the plotting 
and offset scales are united. 

* In using reflecting instruments, avoid very acute angles, and do not select any 
object for observation which is close, on account of the parallax of the instrument. 
The brightest and best defined of the two objects should be the reflected one; and if 
they form a very obtuse angle, it is measured more correctly by dividing it into two 
portions, and observing the angle each of them makes with some intermediate point. 
Also if the objects are situated in a plane very oblique to the horizon, an approxima- 
tion to their horizontal angular distance is obtained by observing each of them with 
reference to some distant mark considerably to the right or left, and taking the 
difference of these angles for the one required. 

The index error of a sextant must be frequently ascertained. The measure of the 
diameter of the sun is the most correct method ; but for a box sextant, such as is 
used for sketching, it is sufficient to bring the direct and reflected image of any well- 
defined line, such as the angle of a building (not very near) into coincidence—the 
reading of the graduated line is then the index error. For the adjustment of the box 
sextant, see Simms on Mathematical Instruments. The less the glasses are moved 
about the better. 

A telescope with a wire or prism micrometer is also a most useful instrument in 
sketching, as with it distances can be approximately ascertained by observing the 
angle subtended by any distant object, such asa man, &c. If a measured staff can 
be set up at these points, the distances thus obtained will of course be more accurate. 
For a description of Rochon’s micrometer, see page 156. 
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tangent screw, has a motion given to it by a rack and pinion in 
the box, moved by a milled head. The dark glasses are also 
within the box, and let down out of the way when not required for 
use. The only adjustment provided for is that of the horizon 
glass, which can be set perpendicular to the plane of the instru- 
ment, and the index error corrected by a key which is tapped into 
the box. The small telescope which fits into the case, or is made 
to slide into the box, is not necessary for very rough observations, 
which can be made through an aperture in the slide covering the 
opening for the telescope. The divisions are generally graduated 
to 30’, and are read by the aid of a magnifying glass, which revolves 
so as to sweep the whole of the arc. 

THE Prismatic AziIMUTH CoMPass is chiefly used for taking 
bearings with the magnetic meridian in sketching ground for mili- 
tary purposes, or for filling in the interior details of a survey, 
though it can be made available for observing roughly the azimuth 
of the sun or a star. The box of the compass is generally about 3 
inches diameter, and the divisions on the card, graduated to 30 
minutes (in instruments of larger diameter to 15’) are read east- 
ward of the meridian round the whole circle of 360° by means of a 
prism (whence its name) when the perpendicular thread or wire of 
the sight bisects the object, which thread appears, when viewed 
through the prism, to be prolonged across the card, marking the 
division to be read. To the sight is attached a mirror, which 
slides up and down the frame, and can be set to any angle of 
inclination for the purpose of reflecting to the eye of the observer 
the image of any object which is much above or below the hori- 
zontal plane, and is indispensable for measuring the azimuth of 
the sun, for which one or more of the dark glasses attached to the 
prism must be used. The vibrations of the card are checked by 
means of a spring under the sight, and the card, with the needle 
below it, is thrown altogether off the agate point upon which the 
latter works, by a stop at the side, a precaution always to be taken 
when the instrument is not in use. 

In observing, the prism should first be raised or lowered on its 
slide, to obtain distinct vision of the magnified divisions of the 
card, and if horizontal angles between any distant objects are 
required, they are obtained by taking the difference of the 
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observed bearings, though not probably within half a degree. A 
considerable degree of accuracy is obtained if a tripod stand is 
used on which the instrument can be fixed: this stand may be 
constructed to fold up as a walking stick. 

Few prismatic compasses are found on trial to give precisely 
similar results, and it is therefore essential that an instrument of. 
this kind should be carefully tested by comparison with a meridian 
line, noting the difference between its bearing and the known 
variation, as an index error. Any reflecting instrument is certainly 
capable of observing angles between objects nearly in the same 
horizontal plane with more accuracy than the compass; and from 
its observations being instantaneous, and not affected by the 
movement of the hand, it is better adapted for use on horseback, 
but it is not so generally useful in filling up between roads, or in 
sketching the course of a ravine or stream, or any continuous line, 
as the prismatic compass, In all cases where the compass is used 
_ to assist in filling in the interior (and it should never be trusted 
m any more vmportant part of the work), it becomes of course 
necessary to ascertain its variation by one of the methods which 
will be hereafter explained. Independent of the annual change in 
its deviation, the horizontal needle is subject to a small daily 
variation, which is greatest in summer, and least in winter, vary- 
ing from 15’ to 7’. Its maximum on any day is attained to the 
eastward about 7 A.M, from which time it continues moving west 
till between 2 and 3 P.M., when it returns again towards the east ;* 
but this oscillation is too small to be appreciable, as the prismatic 
compass used in the field cannot be read to within one-half, or at 
the nearest. one-quarter, of a degree of the truth. 

The surveyor when first using the compass must not forget the 
consequences of being near any large masses of iron: on this 
account, a gate-post, though otherwise convenient, is not a de- 
sirable point from which to observe with it, on account of the iron- 
work about. For the same reason, coloured glasses, which may 
have to be used during the day in hot climates, should not have 
steel rims. 

The facilities for obtaining the position of a point from observa- 


* See Colonel Beaufoy's experiments on the variation of the needle. Also the 
article Observatory (Magnetical), Aide Mémoire. 
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tion to other points, are much greater with a compass than with 
a sextant ; with the former it is only necessary to observe two 
points, if they form a well-conditioned triangle with the point of 
observation, and no calculations are required. 

PROTRACTING BEARINGS.—Whichever of these instruments is 
preferred, of course a scale of chains, yards, or paces, and also a 
protractor, are required for laying off lineal and angular distances 
in the field. 
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A very convenient method of using the latter for protracting 
bearings observed with the azimuth compass, is to have lines en- 
graved transversely across the face of the protractor at about a 
quarter of an inch apart. The paper upon which the sketch is to. 
be made must also be ruled faintly across in pencil at short un- 
equal distances, at right angles to the meridian, with which lines 
one or more of those on the protractor can be made to correspond 
by merely turning it round on its zero as a pivot, this point being 
kept in coincidence with the station from whence the bearing is to 
be drawn. The bevelled edge’of the protractor is thus evidently 
parallel to the meridian, and the observed bearing being marked 
and ruled from this point is the angle made by the object with 
the meridian. 

For instance, the bearing of a distant object upon which it is 
required to place, was observed from D to be 30°. The protractor 
in the sketch is shown in the proper position for laying off this 
angle, and the dotted line D E is the direction required. 

In fixing the position of any point with the compass, by bear- 
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ings taken from that point to two or three surrounding stations 
whose places are marked on the paper, the zero of the protractor 
is made to coincide with one of these. stations, and its position 
being adjusted by means of the lines ruled across its face and on 
the paper, the observed angle is protracted from this station, and 
produced through it. The same operation being repeated at the 
other points, the intersection of these lines gives the required 
place of observation. 

Instead of the above system of ruling east and west lines across 
the paper, lines may be drawn parallel to the meridian for adjust- 

y, ing the place of the protractor. Thus, sup- 

“ pose from the point D any observed bearing, 
say 40°, is to be laid down. By placing the 
zero C of the protractor on any convenient 
meridian, and turning it upon this point as 
@ pivot until the required angle of 40° at E 
coincides also with the same meridian N S, 
it is only necessary to move the protractor, 
held in this position, slightly up and down 
upon this line, until its bevelled edge 
touches the point D; D F is then at once 
drawn in the required direction. The dis- 
tances may also be set off from a scale gra- 
. duated on the edge of the protractor, by merely moving it along 
this line, DF, until some defined division corresponds with the 
station D. 

THE PLANE TABLE is perhaps theoretically the best contrivance 
for sketching in the interior detail of a survey with accuracy, but 
it is not much in favour in this country, where its use is now 
almost universally superseded by the portfolio and compass, 
During the last few years several modifications and improvements 
on the original instrument have been tried, but they do not 
appear to have been adopted to any extent. One grave defect in 
practice is that it does not record the number of degrees of any 
angle, and consequently should any error have crept in at a point 
from which a round of angles has been taken, it is difficult to 
adjust them without causing confusion. The booking of the 
observed angles in sketching should never be neglected, as it 
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enables the work at a future period to be replotted in case of 
error. The little reflecting semicircle, invented by Sir Howard 
Douglas, is so far an improvement on the sextant that it protracts 
the angles it observes by means of a contrivance by which the 
reflected angle is doubled instrumentally, and the angle is pro- 
tracted upon the paper by means of a bevelled projection of the 
radius. Other varieties of small reflecting instruments have also 
been contrived for the same purpose. : 

The process of sketching between the fixed points plotted on 
the paper is similar to surveying with the chain and theodolite, as 
far as the natural and artificial boundaries are concerned ; the dis- 
tances being obtained by pacing ; the offsets (uf small) by estima- 
tion; and the bearings of the lines by the compass or sextant.* 
Everything is however here drawn at once upon the paper, 
instead of being entered in a field-book. The features of the 
ground are sketched at the same time as the boundaries and other 
details ; and this part of the operation, being less mechanical than 
the preceding, requires far more practice before anything like 
facility of execution can be acquired ; it 1s, however, more particu- 
larly connected with the subject of Chapter X., where the 
different methods of delineating ground in the field will be ex- 
plained. 

OBSTACLES.—The following are the best practical methods of 
passing obstacles met with in surveying, and of determining dis- 
tances which do not admit of measurement by means adapted for 
use in the field, most of them requiring no trigonometrical calcula- 
tion. Some of these problems are solved without the assistance of 
any instrument for observing angles ; but as a general rule (subject 
of course to some few exceptions), it is always better to make use 
of the theodolite, sextant, or other portable instrument, than to 
endeavour by any circuitous process to manage without angular 
measurement. 


* A straight walking-stick will be found very useful in sketching, not only for the 
purpose of getting in line between two objects, which is easily done by laying the 
stick on the ground, in the direction of one of them, and observing by looking from 
the other end to which side of the opposite station it cuts, but also for prolonging a 
line directed on any known point to the rear. A bush or any other mark, observed 
in the line of the stick, answers as well as another known point for pacing on. 

P 
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The measurement of the line A D, supposed to be run for the 
determination of a boundary, is stopped at B by a river or other 
obstacle. 

The point F is taken up in the line at about the estimated 
breadth of the obstacle from B: and a mark set up at E at right 
angles to A D from the point B, and about the same distance as 
BF. The theodolite being adjusted at E, the angle BEC is 
made equal to BEF, and a mark put up at C in the line AD; 
B C is then evidently equal to the measured distance F B, 





If the required termination of the line should be at any point 
C’, its distance from B can be determined by merely reversing the 
order of the operation, and making the angle BEF’ equal to 
BEC, the distance B F” being subsequently measured. There is 
no occasion in either case to read the angles. The instrument 
being levelled and clamped at zero or any other marked division 
of the limb, is set on B; the upper plate is then unclamped, and. 
the telescope pointed at F', when being again clamped, it is a 
second time made to bisect B; releasing the plate, the telescope 
is moved towards D till the vernier indicates zero, or whatever 
number of degrees it was first adjusted to, and the mark at C 
has then only to be placed in the line A D, and bisected by the 
intersection of the cross wires of the telescope. 

If it is impossible to measure a right angle at B owing to some 
local obstruction, lay off any convenient angle A BE, and set up 
the theodolite at E. 

Make the angle BEC equal to one-half of ABE, and a mark 
being set up at C in the prolongation of AB, BC is evidently 
equal to BE, which must be measured, and which may at the 
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same time be made subservient to the purpose of delineating the 
boundary of the river. 





The usual way 
of avoiding an ob- 
stacle of only a 
chain or two in length, such as a house or barn, is by turning off 
to the right or left at right angles till it is passed, and then 
returning in the same manner to 
the original line. But perhaps a 
more convenient method is to 
measure on a line making an 
angle of 60? with the original 
direction, a distance sufficient to 
clear the obstacle, and to return to the line at the same angle, 
making CD = BC; the distance BD is then equal to either of 
these measured lines. 

The distance from B on the line Ao, to the trigonometrical 
point o, which is inaccessible, is determined in the manner ex- 
plained in the first method in the 
last page; the point C is taken at 
right angles to B A from the point 
RB, and the angle BCD made equal 
to oC B, BD is then equivalent to 
the distance Bo required. The 
same object is attained by laying down the plan of the building 
and these angles on a large scale, and taking the distance Bo from 
the plot. 

To find the point of intersection of two lines meeting in a lake 
or river, and the distance DB to the point of meeting :—From 
any point F on the line A X draw F D, and from any other point 

¥ 2 





c 
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E draw ED, produce both these lines to H and G, making the 
prolongations either equal to the lines themselves, or any aliquot 
part of their length, suppose one-half ; join HG, and produce it 





to O, where it meets the line CB, then OH is one-half of E B, 
and OD equal to half of DB; which results give the point of 
intersection B, and the distance a it from D. 

To find the distance to any inaccessible point, on the other side 
of a river for instance, without the use of any instrument to 


@ 
° Q : 


a 
measure angles.—(This and the two following are taken from the 
“ Aide Mémoire.”) A is any inaccessible point the distance of 
which from B is required: produce AB to any point D; draw 
D d in any direction bisected in C; join BC and produce it to 6, 
Cb being made equal to BC; join db and produce it to a, the 
intersection of the prolongation of A C, then 

ab=AB 


mdad=AD The proof is evident. 
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Another method— 

Prolong AB to any point 
D, making BC equal to 
C D; lay off the same dis- 


tances in any direction Dc . 


=cb; mark the intersec- 
tion E of the lines joining 
Be and C 0b; mark also F 
the intersection of DE 
produced and of Ab; pro- 
duce D 6, and B F, till they 
meet in a, and 

ab=AB 

ac=AC 

aD=AD 

To measure the distance be- 
tween. A and B, both being in- 
accessible:—From any point C 
draw any line Cc bisected in D; 
take any point E in the pro- 
longation of AC, and join ED, 
producing the line to De=ED; 
in like manner take any point F 
in the prolongation of B C, and 
make D f=F D. 

Produce A D and ¢ ¢ till they 
meet in a, and also BD and fc 
till they meet in 6b; thenab= 
A B. 

Again, if A B cannot be mea- 
sured, but the points A and B 
are accessible; their distances 
from any point O are deter- 


mined ; and by producing these ° 


lines any aliquot part of their 
length, as O P, O Q, the dis- 
tance P Q will bear the same 
proportion to A B. 


Pa 
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A right angle* can often be laid off when no means of measur- 
ing other divisions of the circle are at hand. The distance A B 
can then be thus obtained :— 

B C and D E are both perpendicular to A D, and the points E 


and C are marked in a line with A; then 
BD. BC 
A B= DE-Bo): 
The small triangle C d E being similar to A BC. 





Of course with a sextant, or other means of observing the angle 
A C B, A B becomes simply the tangent of that angle to the radius 
BC: a table of natural sines and tangents engraved on the lid of 
the box-sextant, or on any portable reflecting instrument is often 
of great service, particularly in sketching ground without any 
previous triangulation, and in obtaining the distance to an 
enemy’s batteries, &c., on a military reconnaissance. The height 


* A perpendicular can be thus laid off with the chain: suppose @ the point at 
which it is required to erect a right angle: fix an arrow into the ground at a, 
through the ring of the chain, marking twenty links; measure forty links on the 
line a 5, and pin down the end of the chain firmly at that spot, then draw out the 
remaining eighty links as far as the chain will stretch, holding by the centre fifty- 
link brass ring as at c; the sides of the triangle are then in the proportion of three, 
four, and five, and consequently c a b must be a right angle. 





a rT) & 


An angle equal to any other angle can also be marked on the ground, with the 
chain only, by measuring equal distances on the sides containing it, and then taking 
the length of the chord: the same distances, or aliquot parts thereof, will of course 
measure the same angle 
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of a point on an inaccessible hill may also be obtained without the 
use of instruments, thus :-— 


Drive a picket 3 or 4 feet long at H, and another at L, where 
the top of a long rod F D is in a line with the object S from the 
point A (the heads of these pickets being on the same level) ; mark 
also the point C, where the head of the rod is in the same line 
with S, from the top of any other picket B, and measure A F and 
BC; lay off the distance BC from F to b, and the two triangles 


AD band AS Bare evidently similar, as are also A F D and A PS, 


PS_AB_HI AP AB HI 
DF Ab HO d AF- Ab HO’ -—PS§ the height there- 
H I 


fore=D F. ae ; and AP the distance=AF. 35. 


A few other methods of ascertaining distances and heights more 
particularly connected with military reconnaissances, will be found 
in chapter IX. 

The method of surveying any tract of country through which a 
line of railway is projected or has been determined upon, is 80 
similar to that of measuring roads or other continuous lines by 
“ traversing” with the chain and theodolite, that it does not re- 
quire any peculiar directions. The lines, however, being generally 
very long, must be measured with the greatest exactness, and the 
angles be observed with proportionate care. Where practicable, 
also, the work should whilst in progress be tested by reference to 
known fixed points near which it passes, which can in most cases 
- be obtained from good maps. The existing Standing Orders of 
Parliament regulate the scale upon which these surveys are 
required to be plotted in England; and the lateral deviation 


whence — 
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allowed from the proposed line of rails, with other local causes, 
determine the breadth required to be embraced in the survey. 

For the methods of laying out the lines of railways, the levels. 
of the different portions, and determining the curves, gradients, 
and slopes of embankments and cuttings, &c., every information 
can be obtained from the works of Mr. Hascoll and many others ; 
and it would be out of place here to attempt any description of 
subjects which belong to a most important branch of civil en- 
gineering, and embrace such a multitude of details. A few 
remarks, however, upon the method of taking sections for railways, 
and the scales upon which they should be plotted, will be found - 
in the chapter upon Levelling. 


The following are the conventional signs most generally in use 
in topographical plan-drawing: the boundary lines are those em- 
ployed in the Ordnance Survey; a similar arrangement could of 
course be adopted to mark the divisions of any other country, 
however they may be designated. 


ss —— Smithies. A small horse-shoe with the open side turned 
towards the road. | 


O-—— _ Limekiln. 
—__i———— Turnpike roads. The side from the light shaded. - 


eng nn ° e 
Se Cross roads. Narrower, and both sides alike. 


—<— Railroads. Both sides dark, very narrow, and perfectly parallel. 


———j «=~ Canals. Distinguished from roads by the parallelism of the 
sides, the locks, and bridges, and by having the side next 
the light shaded like rivers. Canals and navigable rivers to 


be coloured blue. 
] — Windmills. 
“A -— Bridges. 
_ Fords. | 
—_T — Ferry. 
A......-—  Trigonometrical point. 


KT ——~ Bench mark. 


OIPO GALA PSCC CALL EOC ROGET OS , 
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Embankment or Dyke 





Canal or Tunnel | < 3 


Orchards and Gardens 





Parks and Ornamental Ground 


Fir Plantations 














— | 300 a. 5 Bogs and uncultivated Ground 
ip Fs . / ot, Castle . oo 
Marshes | Ni oo g TP in. citar: 
ep - -_ 2 . a — oe 
- nrg ae sok. ae = Oe os ade i 7 
"ip we” .e 
te ho xe 
a —" 2 = - - 
Fish Weir. 
Bleaching Grounds, Thin lines of the same length 
nearly Parallel the whole colored Green. 
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¥ | | Copper. 
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AAL. .. ... Tron Works. ‘dD | 2 Silver 
> Bs 
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BOUNDARIES. 


seibsshstcd vou pecoennaseoeseitence ~ Townlands. 
—_-——_—--— Counties and Baronies. 


aca aa sae ese ee Counties and Parishes. 
hegre ares .— Counties and Townlands. 
Beeches ~ Baronies and Parishes. 


BS oat et aa Baronies and Townlands. 


wie etermemieresererece: - Parishes and Townlands. 

ea ee Counties, Baronies, and Parishes. 
oe ree es — Counties, Parishes, and Townlands. 
me eee meen Counties, Baronies, and Townlands. 
etn ene: Baronies, Parishes, and Townlands. 


Counties, Baronies, Parishes, and Townlands. 
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CHAPTER V. 


LEVELLING AND CONTOURING. 


THE method of ascertaining the difference of level between 
stations on a trigonometrical survey by means of reciprocal angles 
of elevation and depression has already been alluded to in the 
fourth chapter, and detailed sections of ground can be taken in 
the same manner, though not so conveniently or accurately as with 
a spirit level. It is however necessary before entering upon this 
subject to explain more fully the two corrections that must be 
applied to all vertical angles when used for the purpose of obtain- 
ing relative altitudes between stations a considerable distance 
apart which were referred to in the chapter upon Triangulation. 
If they are only separated by a few hundred yards, the corrections 
are too trifling to have any appreciable effect upon the result. 

Considering the earth as a sphere, any number of points upon 
its surface equidistant from its centre are on the same true level ; 
but the apparent level (and of course the apparent altitude or 
depression) is vitiated by these two causes of error, curvature and 
terrestrial refraction ; the correction for the first of which depends 
upon the “arc of distance,” which is that contained between the 
two stations and the centre of the earth; and the second upon their 
comparative elevations above the horizon. 

CORRECTION FOR CURVATURE.—The effect of the curvature of 
the earth is to depress any object below the spectator’s sensible 
horizon. Every horizontal line is evidently a tangent to the sur- 
face of the globe at that spot; and the difference between the 
apparent and true level at any distant point B (putting the effect 
of refraction for the present out of the question) will be seen by 
reference to the accompanying figure, to be the excess (B D) of the 
secant of the are A D, above the radius C D. 
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Putting @ for the arc A D, é for the tangent A B (the horizontal 
line, or line of apparent level), 7 for the radius AC, or DC; and 
a for the excess of the secant B C 
above the radius or the difference 
between the true and apparent 
level, Then (r + x) =7" + @. 
Whence @ (27 + x)=; and 
owing to the small proportion 
that any distance measured on the. 
surface must bear to the earth’s 
radius, 27 may be substituted for (27 + ~), and the are a for the 


tangent ¢; 2 ra then becomes = a’, and «= - which, assuming 


the mean diameter of the earth at 7916 miles, gives 2 = 8-004 
inches or ‘667 of a foot for one mile; which quantity increases as 
the square of the distance. Or otherwise, 

2r+a:t::t:2, 
or2r:a@::a: 2, 2 being omitted in the expression (27 + 2), and 





a substituted for ¢; whence 7 = o as before, 


A very easily remembered formula derived from the above for 
the correction for curvature in feet, is two-thirds of the square of 
the distance in miles; and another for the same 7m inches, is the 
aquare of the distance in chains divided by 800.* 

CORRECTION FOR REFRACTION.—The second correction, terres- 
trial refraction, on the contrary, has the effect of elevating the 
apparent place of any object above its real place, and consequently 
above the sensible horizon. The rays of light bent from their 
rectilinear direction in passing from a rare into a denser medium, 

ee. 


B 


* The amount of the correction for curvature at different distances will be found 
by reference to the tables, and further remarks on Atmospheric Refraction in the 
chapter on the Definitions of Practical Astronomy. 
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or the reverse, are said to be refracted ; and this causes an object 
to be seen in the direction of the tangent to the last curve at which 
the bent ray enters the eye. 

A is any station on the surface of the earth, the sensible 
horizon of which is AB; C and D are two stations on the 
summits of hills, of which C is supposed in reality to be situated 
~ on the horizontal line A B, and D above it, the angle of elevation 
of which is BAS. Owing however to the effects produced on 
the rays from these objects in their passage to the eye, by the 
atmosphere through which they pass, they are seen in the direc- 
tions As and A 0, tangents to the curve described by the rays, 
and B Ab, and S A 8, are the measures of the respective terrestrial 
refractions. 

Above eight or ten degrees of altitude, the rate at which the 
effects of refraction decrease as the altitudes increase (varying 
with the temperature and density of the atmosphere), is so well 
ascertained that the refraction of the heavenly bodies for any 
altitude may be obtained with minute accuracy from any of the 
numerous tables compiled for the purpose of facilitating the 
reduction of astronomical observations; but when near the 
horizon, the refraction, then termed terrestrial refraction, is so 
unequally influenced by the variable state of the atmosphere that 
no dependence can be placed upon the accuracy of any tabulated 
quantities.* The rays are sometimes affected laterally, and they 
have been even seen convex instead of concave. Periods for 
observing angles of depression and elevation, particularly if the 
distances between the stations are long, should therefore be 
selected when this extraordinary refraction is least remarkable : 
morning and evening are the most favourable ; and the heat of the 
day after moist weather, when there is a continued evaporation 
going on, is the least so. 

Is is a common custom to estimate the effects of refraction at 
some mean quantity, either in terms of the curvature, or of the 
arc of distance. The general average in the former case is } of 
the curvature, making the correction in feet for curvature and 
refraction. combined = + D’, D being the distance in miles as 

* Puissant, ‘‘ Géodesie,” vol. i. p. 342; and ‘‘Recherches sur les Réfractions 
Extraordinaires, par Biot.” Also, the ‘‘ Trigonometrical Survey,” vol. i. p. 352. 
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before. In the latter the proportion varies considerably ok and 
General Roy, in the operations of the trigonometrical survey, 
assumed it at ;);, and sometimes at -);, in cases where it had not 
been ascertained by actual observation of reciprocal angles of ele- 
vation or depression, by the following simple method.f These 
angles should, to insure accuracy, be observed simultaneously, the 
state of the barometer and thermometer being always noted :— 

.In the accompanying figure C represents the centre of the earth, 
A and B the true places of two stations above the surface 8 8; 
A D, BO are horizontal lines at right 
angles to the radii AC, BC; a and b 
are also the apparent places of A and B. 

In the quadrilateral AEBC, the 
angles at A and B are right angles, 
therefore the sum of the angles at E 
and C are equal to two right angles ; 
and also equal to the three angles, A, 
E, and B, of the triangle AEB; 
taking away the angle E common to 
both, the angle C, or the are SS, re- 
mains=EKAB+EBA; or, in other 
words, the sum of the reciprocal depres- 
sions below the horizontal lines AD, 
BO, represented by EA°B+EBA, 
would be equal to the contained arc if there were NO REFRACTION. 
But a and b being the apparent places of the objects A and B, the 
observed angle of depression will be D Ab, O Ba; therefore their 
sum, taken from the angle C { (the contained arc of distance), will 
leave the angles b A B, a BA, the sum of the two refractions ; 
hence, supposing half that sum to be the true refraction, we have 
the following rule when the objects are reciprocally depressed : 
—Subtract the sum of the two depressions from the contained are, 
and half the remainder is the mean refraction. 





Cc 


* Carr's ‘‘Synopsis of Practical Philosophy,” articles ‘Levelling’ and ‘Refraction.’ 

+ ‘Trigonometrical Survey,” vol. i. p. 175. See also, on the subject of refraction, 
Woodhouse’s ‘‘ Trigonometry,” p. 202. 

t One degree of the earth’s circumference is, at a mean valuation, equal to 
365,110 feet, or $915 miles and one second = 101°42 feet. 
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If one of the points B, instead of being depressed, be elevated 
suppose to the point g, the angle of elevation being g A D, then 
the sum of the two angles, e A B and e B A, will be greater than 
E A B+-EB A (the angle C, or the contained arc) by the angle of 
elevation, e A D; but if from e A B-+e B A, we take the depression 
O Ba, there will remain e AB-+a BA, the sum of the two re- 
fractions; the rule for the mean refraction then.in this case is, 
subtract the depression from the sum of the contained arc and 
the elevation, and half the remainder v8 the mean refraction.* 

The refraction thus found must be subtracted from the angle of 
elevation as a correction, each observation being previously reduced 
if necessary to the axis of the instrument, as in the following 
example taken from the Trigonometrical Survey :—At the station 
on Allington Knoll, known to be 329 feet above low water+, the 
top of the staff on Tenterden steeple appeared depressed by ob- 
servation 3’ 51”, and the top of the staff was 3°1 feet higher than 
the axis of the instrument when it was at that station. The dis- 
tance between the stations was 61,777 feet, at which 3°1 feet sub- 
tended an angle of 10’°4t, which, added to 3’ 51”, gives 4’ 1-4 for 
the depression of the axis of the instrument, instead of the top of 
the staff. On Tenterden steeple, the ground at Allington Knoll 


* The formula given in the ‘‘ Synopsis of Practical Philosophy” is identical with 
this rule :-— 


Retraction = (4+ 2)=D 


; E being the apparent elevation of any height; D the 
apparent reciprocal angle of depression; and A the angle subtended at the earth’s 
centre by the distance between the stations. 

+ A difference of opinion exists as to the zero from which all altitudes should be 
numbered. What is termed ‘‘ Trinity datum” is a mark at the average height of 
high water at spring tides, fixed by the Trinity Board, a very little above low-water 
mark at Sheerness. A Trinity high-water mark is also established by the Board at 
the entrance of the London Docks, the low-water mark being about 18 feet below 
this, Again, some engincers reckon from low-water spring tides ; and as the rise of 
tide is much affected by local circumstances, this latter must, in harbour, and up 
such rivers as the Severn, where the tide rises to an enormous height, be nearer to 
the general level of the sea. One rule given for obtaining the mean level of the sea, 
by reckoning from low-water mark, is to allow one-third of the rise of the tide at the 
place of observation. The datum-level referred to in all the maps of the Ordnance 
Survey of Great Britain is that of the level mean tide at Liverpool. 

¢ At 206,265 feet distant, 1 foot subtends 1”; or at 1 mile it subtends 89”°06 
nearly. 
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was depressed 3’ 35”; but the axis of the instrument, when at 
this station, was 5°5 feet above the ground, which height subtends 
an angle of 18”-4: this, taken from 3’ 35”, leaves 3’ 16’°6 for the 
depression of the axis of the instrument. 





Contained arc 61,777 feet= . .... . . 10’ 6” nearly. 
Sum of depression, 4/1%44+3'16"6. . . . . 7 18 
: 2 48 
Mean refraction 1 24 





* which in this example is nearly ¢ of the contained arc. 

This, added to the depression at Allington Knoll, 3’ 166, gives 
4’ 406 for the angle corrected for refraction ; which, being 22°4 
less tham 5’ 3”, half the contained arc, the place of the axis of the 
instrument at Allington Knoll is evidently above that at the other 
station by 6°7 feet, the amount which this angle 22-4 subtends. 
* This, taken from 329, leaves 3223 feet for its height when on 
Tenterden steéple, corrected both for refraction and curvature. 
The result would have been the same if these corrections. had 
been applied separately, as before described. 


Correction for curvature. 
D=61,777 feet=11-'7 miles, log. 10681859 
2 
136°89 = 2°1363718 
a 


3)273°78 
Curvature= 91:26 
Angle of depression, corrected for refraction : 
Sine 4 406 = log. 7:1336617 
61,777 feet 4°7908268 





84405 19244885 





Then-+-91:26 ° 
—84°405 





6'855 feet. 
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By employing the observation from Tenterden steeple, and 
estimating the refraction at + of the curvature, or using the ex- 
pression + D’ for both corrections, the difference of level between 
these stations would appear about 12 feet greater; which shows 
how necessary it is, when accuracy is required, to ascertain the 
refraction at the time by reciprocal angles of depression or eleva- 
tion. In another example (page 178, vol. i. “Trigonometrical 
Survey ’’), where the depression was observed to the horizon of the 
sea, the dip of the horizon* is calculated from the radius of cur- 
vature, and the known length of adegree. The difference between 
this calculated depression and that actually observed is, of course, 
due to refraction. | 

Four MErTHops oF LEVELLING.—To return to the subject of 
the different methods of taking sections of ground, either— 

1. By angles of elevation and depression with the theodolite ; or 
by the draining or mining level. 4 

2. By the spirit, or water-level; or the theoddlite used asa 
spirit-level; or by the French or Ellitt’s reflecting level. 

3. By the old method of a mason’s level and boning-rods. 

4. The relative altitude of hills, or their heights above the level 
of the sea, or other datum, can also be ascertained by a mercurial 
mountain barometer; the Aneroid; Bourdon’s more recently 
invented metallic barometer ; or approximately by the temperature 
at which water is found to boil at the different stations whose 
altitudes are sought. 

LEVELLING FOR SECTIONS BY ANGLES OF ELEVATION AND 
DEPRESSION with the theodolite is thus performed + :—The instru-. 
ment is set up at one extremity of the line, previously marked out 
by pickets at every. change of the general inclination of the ground, 
and a levelling-staff with the vane set to the exact height of the 


* The dip of the horizon would be equal to the contained arc, when seen from 
objects on the spherical surface if there were no refraction, which is therefore equal 
to the difference between the depression and the contained arc. 

+ In taking sections across very broken irregular ground intersected by ravines, 
this system of operation is recommended, as being much more easy and rapid than 
tracing a series of short horizontal datum lines with the spirit level. Where, how- 
ever, this latter instrument can be used with tolerable facility, it should always be 
preferred. 
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optical axis of the telescope being sent to the first of these marks, 
its angle of depression or elevation is taken; by way of insuring 
accuracy, the instrument and staff are then made to change places, 
and the vertical arc being clamped to the mean of the two read- 
angs, the cross wires are again made to bisect the vane.. The 
distances may either be chained before the angles are observed, 
marks being left at every irregularity on the surface where the 
levelling-staff is required to be placed, or both operations may be 
performed at the same time, the vane on the staff being raised or 
~ lowered till it is bisected by the wires of the telescope, and the 
height on the staff noted at each place. 

The accompanying sketch explains this method :—A and B are 
the places of the instrument and of the first station on the line 
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where a mark equal to the height of the instrument is set up; 
between these points the intermediate positions, a, b, c, d, &c., for 
putting up the levelling-staff, are determined by the irregularities 
of the ground. The angle of depression from A to B is observed, 
and if great accuracy is required the mean of this and the 
reciprocal angle of elevation from B to A is taken, and the vertical 
arc being clamped to this angle, the telescope is again made to 
bisect the vane at B. On arriving at B, after reading the height 
of the vane at a, b, c, &c., and measuring the distances A a, &c.,. 
the instrument must be brought forward, and the angle of 
elevation taken to C; the same process being repeated to obtain 
the outline of the ground between B and C. In laying the section 
down upon paper, a horizontal line being drawn, the angles of 
elevation and depression can be protracted, and the distances laid 
down on these lines; the respective height of the vane on each 

staff being then laid off from these points in a vertical direction 

will give the points a, b, c, &c., marking the outline of the ground. 


A more correct way of course is to calculate the difference of level . 
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between the stations, which is the sine of the angle of depression 
or elevation to the hypothenusal distance A B considered as 
radius, allowing in Jong distances for curvature and refraction, 
which may be ascertained sufficiently near by reference to the 
tables. 

The distances, instead of being measured with the chain, may, 
if only required approximately, be ascertained by means of a 
micrometer, attached to the eye-piece of the telescope. 

Instead of only taking the single angle of depression to the 
distant station B, and noting the heights of the vane at the inter- 
mediate stations, a, b, c, &c., angles may be taken to marks the 
same height as the instrument set up at each of these intermediate 
povnts, which will equally afford data for laying down the section ; 
but the former method is certainly preferable. 

The details may be kept in the form of a field-book ;* but for 
this species of levelling, the measured distances and vertical 
heights can be written without confusion on a diagram, leaving 
the corrections for refraction and curvature (when necessary) to be 
applied when the section is plotted. The draining and mining 
level and Elliott’s reflecting level are also used in the same 
manner as the theodolite for taking sections. 

Cross AND TRIAL SECTIONS—Where a number of cross sec- 
tions are required, the theodolite is particularly useful, as so many 
can be taken without moving the instrument. It is also well 
adapted for trial sections, where minute accuracy is not looked for, 
but where economy both of time and money is an object. 

CHECK LEvELS.—The theodolite is likewise used in running 
check levels to test’ the general accuracy of those taken in detail 
with a spirit level. Reciprocal angles of elevation and depression, 
taken between bench marks+ whose distances from each other are 
known, afford a proof of the general accuracy of the work; and if 


* Bruff's ‘‘ Engineer Field Work,” page 122. 

+ Marks on stumps of trees, mile or boundary stones, &€., or any convenient per- 
manent object on which the staff is placed to obtain the comparative level of these 
intermediate points of reference. They are useful either for the subsequent laying 
out of the detail of work, or for comparison in running check or trial sections. 
Bench marks should be conspicuously marked and clearly described in the field-book, 
that no doubt may arise as to their identity. 
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these points of reference are proved to be correct, it may safely be 
inferred that the intermediate work is so likewise. 

THE SPIRIT LEVEL.—Instead, however, of observing reciprocal 
angles of elevation and depression between marks at measured 
distances, levelling for sections, where minute accuracy is required, 
is always performed with a spirit level or some instrument capable 
of tracing horizontal lines. The different instruments used for 
the purpose, and their adjustments, will be first described, and the 
most approved methods of using them, and keeping the field-book, 
as well as plotting the detail on paper, will be afterwards ex- 
plained. 

Y LEveEL.—The species of level formerly in general use, termed 
the Y level, owes its name to the supports upon which the telescope 
rests. This instrument, as well as Mr. Troughton’s improved level, 
and the dumpy level introduced by Mr. Gravatt, are described at 
length in Mr. Simms’ “Treatise on Mathematical Instruments.”’ 
These instruments have in late years been very much improved ; 
the most perfect form now in use being the ¢mproved Dumpy 
Level, resting on Ys, and named the amproved Dumpy Y Level: 
it appears to unite in itself all the good qualities of the others, 
retaining few of their imperfections, 

The adjustments for the old Y level are here given because they 
embrace those of all the improved levels: in these latter levels 
some of the adjustments are made by the maker, and depend 
upon the solidity and correctness of construction of the instruments. 

PARALLAX AND COLLIMATION.—The first adjustment in the Y 
level is for the line of collamation ;* the method is the same as 
that described in page 26 for the theodolite, half the error being 
corrected by the screws acting upon the diaphragm containing the 
cross hairs. 

The second adjustment to cause the spirit level attached to the 
telescope to be parallel to line of collimation is also similar to that 


* Before adjusting the focus of the object-glass, that of the eyc-picce should be 
always attended to, both in the spirit level and theodolite ; it should be drawn out 
till the cross wires are clearly defined, and there is no instrumental parallax ; so that 
on fixing their intersection on some distant object there may be no displacement of 
the contact on moving the eye sideways to the right or left. Parallax is caused when 
the image of the object falls beyond or short of the cross wires. 

G2 
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for the theodolite. After the air-bubble has been brought into 
the centre by the plate-screws, the telescope is reversed in the 
supports, and if it has moved to either end of the level, it is 
brought back to its central position, one half by the screw at one 
end of the level, and the other half by the plate-screws, there 
being no vertical motion as in the theodolite. This correction 
will probably require two or three repetitions. 

The third adjustment is for the purpose of bringing the Y 
supports exactly on the same level when the previous corrections 
have been made, so that the optical axis of the telescope may 
always revolve at right angles to the vertical axis of the instru- 
ment. This is effected by first levelling the telescope when 
placed over two opposite screws, and then turning it round so that 
the eye-piece and the object-glass may change places. If in this 
reversed position the bubble is no longer in the centre, it must be 
adjusted, one half being done by turning the capstan-headed screw 
placed directly below one of the Ys, which is thereby raised or 
lowered in its socket, and the other half by the plate-screws. 
This operation must be repeated with the other pair of ae 
screws. 

In TROUGHTON’s INSTRUMENT, the spirit level, being fixed to 
the telescope, has no separate means of adjustment, and the line of 
collimation must therefore be determined by ats assistance. The 
telescope also, being bedded in a sort of frame, cannot be reversed 
end for end; the level is first adjusted by correcting half the 
error when turned round, by the screws which act upon the 
supports, and half by the plate-screws ; the line of collimation is 
then made to agree with the corrected level by noting the height 
of the intersection of the cross wires on a staff about 200 or 300 
yards distant. The instrument and the staff are then made to 
change places, and if the difference of level remains the same, the 
optical axis is already correct; if not, half the difference of the 
results must be applied to the observed height of the vane on the 
staff, and the cross wires adjusted to this height by means of the 
screws of the diaphragm at the eye-piece of the telescope. 

A pool of water furnishes another easy mode of adjusting the 
line of collimation. A mark being set up at any convenient 
distance of exactly the same height above the surface of the water 
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as the instrument adjusted for observation, the cross wires have 
only to be made to intersect each other at this point. This, if cor- 
rectly performed, is the most perfect system of correcting the line 
of collimation for practical purposes, although when done the line of 
collimation is not parallel to the level. 

The adjustments of Mr. Gravatt’s level are nearly similar ; and 
will be found described by himself, in Mr. Simms’ little work, 
already quoted.* The term “dumpy” arises from the shape of 
this description of level, which has an object-glass of large aper- 
ture and short focal length, affording the advantages of a large 
Instrument without the inconvenience of its length. 

The description of the improved levels is to be found in Weale’s 
Series, Surveying Instruments, to which reference should be made 
for information regarding their adjustments, &c. 

THE FRENCH WATER LEVEL is much used on the Continent 
in taking sections for military purposes. It possesses the great 
advantage of never requiring any adjustment, and does not cost 
one-twentieth part of the price of a spirit level. From having no 
telescope, it is impossible to take long sights with this instrument, 
and it is not of course susceptible of very minute accuracy ; but, 
on the other hand, no gross errors can creep into the section, as 
may be the case with a badly-adjusted spirit-level or theodolite, 
the horizontal line being adjusted by nature without the inter- 
vention of any mechanical contrivance. This species of level has 
now come into use in Eng- 
land ; the following descrip- 
tion is given, which, with 
the assistance of the sketch, 
will enable any person to 
construct one for himself 
without further aid than 
that of common workmen, 
to be found in every vil- 


lage. t 


* Also in page 137 of Mr. Bruff’s ‘‘ Engineering Field Work.” 

+ The instrument from which the sketch was made was constructed for me by 
an ironmonger in Chatham ; I have tried it against a very good spirit-level, and 
found the results perfectly satisfactory. This water-level is now constantly used on 
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a b is a hollow tube of brass about half an inch in diameter, and 
about three feet long, c and d are short pieces of brass tube of 
larger diameter, into which the long tube is soldered, and are for 
the purpose of receiving the two small bottles e and f, the ends 
of which, after the bottoms have been cut off by tying a piece of 
string round them when heated, are fixed in their positions with 
putty or white lead—the projecting short axis g works (in the 
instrument from which the sketch was taken) in a hollow brass 
cylinder h, which forms the top of a stand used for observing with 
a repeating circle; but it may be made in a variety of ways so as 
to revolve on any light portable stand. The tube, when required 
for use, is filled with water (coloured with lake or indigo), till it 
nearly reaches to the necks of the bottles. In the level generally 
in use the bottles are corked for the convenience of carriage, and 
have to be drawn very carefully, when the tube is nearly level, or 
the water will be ejected with violence. An improvement on this 
level was carried out in running the interpolated contours for the 
survey of Gibraltar, in 1863, by which this inconvenience was 
obviated and much time and trouble saved. The necks of the 
bottles e and f were connected together by a piece of zinc or brass 
tube of small diameter, parallel to a 6, so as to complete the 
circuit. Thus the water could run freely round through tubes and 
bottles. On setting the stand tolerably level by the eye, the 
surface of the water in the bottles being necessarily on the same 
level, gives a horizontal line in whatever direction the tube is 
turned, by which the vane of the contouring staff is adjusted. A 
slide could easily be attached to the outside of c and d, by which 
the intersection of two cross wires could be made to coincide with 
the surface of the water in each of the bottles; or floats, with 
cross hairs made to rest on the surface of the fluid in each bottle, 
the accuracy of their intersection being proved by changing the 
floats from one bottle to the other: either of these contrivances 
would render the instrument more accurate as to the determina- 
tion of the horizontal line of sight; though one of its great merits, 


the Ordnance Survey for interpolating horizontal contours at vertical intervals of 
25 feet between the more correct contours traced at greater distances apart by the 
spirit-level. 
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quickness of execution, would be impaired by the first, and its 
simplicity affected by either of them. For detailed sections on 
rough ground where the staff is set up at short distances apart, it 
is well qualified to supersede the spirit-level, and is particularly 
adapted to tracing contour lines: which operation will be 
described in its proper place. 

REFLECTING LEVELS.—A ready instrument used for levelling is 
the French “ Reflecting Level,” invented by Colonel Burel ; a des- 
cription of which is given in the second volume of “ Professional 
Papers of the Royal Engineers ;” and the “ Pocket Reflecting Level,” 
described in volume seven of same Papers. 

The principle upon which the former instrument acts is implied 
by its name. Ina plane mirror the rays are reflected as though 
they diverged from a point behind the mirror, situated at precisely 
the same distance in rear of its surface, as the object itself is in 
front. Ifthe mirror be vertical, the eye and its image are on the 
same horizontal lune; and any object coinciding with these is 
necessarily on the same level. It appears then only requisite to 
ensure the verticality of a small piece of common looking-glass set 
in a frame of wood or metal, to be able without further assistance 
to trace contour lines in every direction, or to take a section on 
any given line, The mirror A B, described in the paper alluded 
to, is only one inch square, fixed against a vertical plate of metal 
weighing about 11b., and suspended from a ring ™, by a twisted 
wire 7, 80 that it may hang freely, but not turn round on its axis 
of suspension. It can either be used for sketching in the field, 
being held by this ring at arm’s length; or fixed for greater accu- 
racy in a frame which fits upon the top of the legs ‘of a theodolite, 
with a bar of metal like a bent lever pressing so slightly against it 
from below, that it may check any tendency to oscillation, and at 
the same time not prevent the mirror from adjusting itself verti- 
cally by its own weight. The accompanying sketch will render 
this description more intelligible. . 

The required verticality of the plane of the mirror is thus ascer- 
tained: a level spot of ground is chosen, where it is suspended in 
its frame (or any temporary stand) 40 or 50 yards from a 
wall, and the prolongation of the line of sight from the eye to 
ats image, coinciding with a fine silk thread across the centre of 
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the mirror, is marked on the wall which is visible through 
a small opening p, in the metal frame. The mirror is then 
turned round, and the observer, placed 
between it and the wall, with his back 
to the latter, notes the spot where the 
image of his eye coincides with the 
reflected wall above or below the for- 
mer mark. The mean distance be- 
tween these two points is assumed and 
marked, and by turning the screw 7, 
the centre of gravity of the mirror 
is altered until the image of the eye 
coinciding as before with the silk 
thread agrees also with this central mark on the wall. It 
would perhaps be a better plan to send an assistant some dis- 
tance behind the mirror with a levelling-staff the vane of which 
could be raised or lowered to coincide with the line of sight; on 
reversing the mirror (the staff remaining stationary) the vane would 
be again moved, until its reflected zero mark is cut by the thread 
on a level with the image of the eye, and finally, the mirror 
adjusted by the screw to the mean between these two heights ; 
this method admits apparently of greater nicety than a chalk mark 
on a rough wall. 

ELLIOTT’S POCKET REFLECTING LEVEL possesses all the advan- 
tages of the instrument just described, it can be carried in the 
waistcoat-pocket, and réquiring no adjustment, it can be used at 
any moment. 

It is not in any respect similar to that just described beyond 
possessing a reflector. 

It consists of a brass tube A B six inches long and three quarters 
of an inch in diameter, the eye end being closed and perforated 
with a small central hole. The spirit-level is placed over a slit 
made in the tube, so that the bubble may be reflected from a 
mirror within the tube; it is cased in brass open at top and 
bottom. 

The inclined semi-elliptical mirror is made to fill the tube on one 
side, so that its edge appears as a vertical line in the tube. A fine 
wire is stretched across the end of the tube horizontally, at right 
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angles to the edge of the mirror; half the image of the bubble is 
seen in the reflector, and when it is 
bisected by the wire, the optical axis , 
is horizontal, and any object cut by 
the wire is on the same level as the eye of the observer. 

These reflecting levels are now generally known in this country; 
and for many purposes they are superior to any other description 
of instrument, particularly for tracing contour lines on the ground 
in a military sketch. They are peculiarly simple in their construc- 
tion, easily managed, easily adjusted, not liable to have this aajunte 
ment deranged, or to be injured by a fall. 

A Mason’s LEVEL AND BONING-RODS also answer very well for 
taking sections where no better instruments are at hand, and are 
used as described below. When this level has a spirit-level at- 
tached (instead of a plumb-bob), as is very generally the case now, 
a considerable degree of accuracy may be obtained, comparatively 
speaking: that is to say, a line of one thousand feet, with slopes of 
not more than one in six, may be levelled over with only an error 
from end to end of about two inches, or even less. 

A horizontal line is obtained by driving two pickets (1 and 2) 
into the ground, and applying a large mason’s level to their heads 
which should be previously cut square, The pickets 2 and 3, 
3 and 4, &c., can be levelled in the same manner, as far as may be 
necessary to obtain a correct horizontal line for a short distance ; 
but if any considerable | 
length is required, two 
boning - rods, of about = __......... 
three feet long, with a 
cross piece at the top, 
are placed on the heads #” 
of any two of the pickets already levelled, and the vane of a staff 
raised or depressed at any required point, till it is on a level with 
the tops of the boning-rods. The reading of the staff will give 
the respective depths below the level of the heads of the rods, the 
heights of which must be subtracted. Boning-rods are chiefly 
used in laying out slopes in military works, and for setting up 
profiles to direct working parties, A slope of 5 to 1, for instance, 
is laid out by measuring 5 feet from a towards 6, and driving the 
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head of the picket at the end nearest 6, one foot lower than that 
Br at a; the heads of boning-rods, 
of equal height placed on the 
tops of these pickets, are evi- 
dently on a slope of 5 to 1. 

THE LEVELLING STAFF.—The staff here described is for use 
with the spirit-level, in an extensive survey or in levelling for 
drainage, roads, &c., where extreme accuracy is required. When 
sections are obtained by angles of elevation and depression or the 
reflecting level, any staff can be substituted suitable to the powers 
of accuracy of the instrument used. 

The staff was formerly constructed with a sliding vane to move 
up and down; the motion being effected by a string or pulley. 
Mr, Gravatt afterwards introduced a staff about 16 feet long, formed 
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of three joints fitting one into the other like a fishing-rod, divided 
off into feet and decimals: one objection to this form of staff is 
that the inner and upper joint is too narrow for showing the feet 
and decimals sufficiently clear to be easily read at a distance. 

The simplest form of staff is a piece of well-seasoned deal 1}” by 
24” and 12'6” long; strips of oak or mahogany 2” wide and 3 in. thick 
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are glued and screwed to each side, giving a double-faced staff on 
which to lay the levelling papers; the projection of the oak 
beyond the deal preventing the papers being rubbed off or injured. 
The engraved papers graduated to feet, 10ths and 100ths, are care- 
fully soaked and pasted on the two faces of the staff, and stretched 
or coaxed until all the divisions lie in exactly the right position, 
and to ensure this a beam compass is used not only to lay off the 
whole length, but also to regulate the position of each sub-division: 
when dry the paper is varnished to keep it clean and render it 
impervious to moisture. 

The zero of the staff need not necessarily be at the foot, but is 
usually from 3 to 18 in. from bottom, and on one side it should be 
at a different height to what it is on the other, so as to afford a 
check in levelling. 

It is convenient to lay off a second staff at the same time exactly 
similar to the first, so that the two may be used together as one in 
levelling, the level and back levelling staff can then be on the 
move at the same time, and the work done quicker, with no loss 
of accuracy. 

On each end of the staff is an iron shoe fixed with a projection 
of about 4” diameter and one inch length, which when resting on 
a hard flat surface will enable the staff to be faced round for the 
second reading without a chance of its height being altered. By 
reversing the staff in levelling a double check is obtained on the 
work, but there is by it afforded the opportunity for an error 
creeping in on rough ground by the difficulty of fixing the point of 
the staff on exactly the same spot as it rested on during the first 
two readings. 

The correct reading of the staff, a matter of so much importance, 
will be found at first to be attended with some difficulty: if too 
near the observer the number indicating the feet may not be in the 
field of the telescope ; if too far off, the 100ths of feet may, though 
clearly visible, be mistaken one for the other. 

The ordinary method of division is to have a portion of the 
centra of the paper marked with every alternate or even 100th 
in black : the tenth hundredth, being carried across the paper to the 
extreme left, marks with its upper edge the tenth of a foot. All 
the odd tenths have on their right hand sides the figures corre- 
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sponding, one-tenth of foot in height, so that the top of the figure 
concides with the completion of the 10th. Between the num- 
bers 9 and 1 there is thus room for the figure to be inserted 
(generally in red) showing the number of feet; it is often put in 
horizontal instead of upright to make it more conspicuous, and the 
upper edge corresponds with the completion of the foot. 

So far the system seems perfect; but there is a grave difficulty. 
about the fifth division of each hundreth. Being an uneven space 
it is not marked, and therefore the next one to it, the sixth, is 
produced a little to right and left to allow of the eye catching 
it readily, and its lower edge marks the completion of half a 
tenth. 

It will be seen that this is a violation of the principle of the 
upper edge, of each black space marking the completion of a divi- 
sion, for though a fifth is not the completion of any space, it is the 
point on which the eye requires to rest in running up the divisions. 
This may appear a small matter, but it touches upon the important 
question as to the limits of the powers of vision ; for though most 
eyes can pick out the 3rd or 4th division among 5, there are very 
few that can determine at a glance the 6th or 7th, &., among 10; 
therefore some system is required clearly marking off the 10th into 
spaces to be readily picked out, and that system which makes the 
5th most conspicuous will probably be found most convenient. The 
divisions adopted on the Ordnance Survey somewhat obviate this 
difficulty. 

The correct holding of the staff must be carefully taught: the 
staff holder should stand facing the observer, his legs apart, and 
with his hands about 5 feet from the ground holding the staff as 
nearly upright as he can guess at; the observer will signal to him 
if he holds it too much to the right or left, and he can correct the 
position, but neither one or the other can be certain that the staff 
is upright in the line of the observation, the holder will therefore 
gently sway the staff from and to him, the observer booking the 
lowest observation, which is when the staff is upright. 

Benco Marks.—However accurately the levelling may ke per- 
formed, it is of little use unless the exact points from which the 
lines are started and on which they are closed are known: and it is 
necessary that these points should be permanently fixed so as to be 
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ready for reference at any subsequent period. Also for the purpose 
of reference and of levelling branch lines, or for contouring, many 
fixed points are required along the line levelled, say half a mile 
apart. Those points are indicated by bench marks or by copper 
bolts let into walls, &c. 

The well known bench mark used on the Ordnance Survey is the 

broad arrow perpendicular to a horizontal groove. It is usually cut 
on the side of a vertical wall, mile stone, or gate post: but 
wherever it is cut, one particular portion of it must be given on 
which to stand the levelling staff. This should be the point of the 
arrow or bottom edge of the groove, and it will be necessary for 
the leveller to carry about with him a T shaped piece of iron, to 
thrust into the groove, on which to rest the foot of the eae 
staff, the thickness of iron being noted. 
. A careful description of the position of the B. M. must be given 
in the book kept for that purpose, and should the levelling be over 
a wild part of the country where the description may fail, it will 
be found desirable either to paint the B. M. red or black, or else 
dash a painted arrow on the rocks, pointing to the spot where it 
may be found—the paint will last for years. 

LEVELLING.—It has been stated that a difference of opinion exists 
as to the zero from which altitudes should be numbered, mean sea 
level at Liverpool being the datum level referred to on the 
Ordnance Survey. But whatever datum may be determined on in 
a survey, it is not at all necessary that this should be fixed before 
the levelling is commenced, as it may be obtained while it is in 
progress. 

A Bench Mark is cut near the point where the datum is to be 
fixed, and to this B. M. all the levelling is referred. The initial 
levelling is the first consideration, and it is generally carried along 
the main roads, cutting up the country into districts; B. M. being 
left at every half mile or so for the branch levelling and contour- 
ing; it is usually performed with a large class of instrument, 10 or 
12 inch spirit-level: a good leveller will on this work have the 
staff so placed each time, as to save levelling to the same inter- 
mediate points in the road at some future period. 

To proceed to the method of using the spirit-level or other 
instrument for tracing horizontal lines, and also of keeping 
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the field-book in levelling for sections. In the system formerly 
pursued, the instrument was set up at one end of the line A, of 
which a section was required ; and having ascertained the accuracy 
of its adjustments, and levelled it by the plate-screws, an assistant 
was sent forward with the levelling-staff to the first station, and 
the difference between the height of the vane when intersected by 
the cross wires of the telescope, and the height of the optical axis 
of the instrument from the ground, gave of course the difference of 
level between these two points. The distance was then measured 
and entered in the field-book, and the level moved on to the first 
station, the staff being sent on to the second, where the same pro- 
cess was repeated, 

It is self evident that this manner of levelling is vitiated by the 
errors of curvature and refraction, which, if not allowed for in a 
long section, would in the end produce a considerable error. 





But the necessity for these corrections is avoided by simply placing 
the instrument half-way between the two stations, and either in 
the line of section, or on one side of it. 

Thus the level* being set up, as in the figure at a, the dif- 
ference between the reading on the staff set at the back station A, 





and at the forward station (1), gives at once the difference of level 
between the ground at these points without any correction for 
refraction or curvature, and also without taking into account the 


* By having two assistants, with levelling-staves, one for the back and the other 
for the forward station, much time may be saved. 
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height of the instrument; a slight error in the line of collimation 
of the telescope also does not impair the results, as the elevation 
or depression of the optical axis would have the same effect on 
both staves; whereas in levelling entirely by the forward station 
the least error in the adjustment of the instrument is fatal to the 
accuracy of the section, being always carried on, whether additive 
or subtractive. This assertion, however, supposes the instrument 
to be exactly equidistant from the two stations, which in ground 
having a great inclination is often impossible ; nevertheless, by 
good management, any reference to the table of curvature and 
refraction may generally be avoided, and if this correction is 
necessary, it should be made merely for the difference between the 
distances. 

In levelling for a section or for the height of parts of a fortifi- 
cation, the most simple method is that employed on the Ordnance 
Survey. A sketch is made of the line levelled over, somewhat 
similar to that made in surveying on a line in a triangle, except 
that only those features need be entered which are necessary to 
afford information as to the positions of the stations. This sketch 
commences at the bottom of the page and runs up it, while the 
figures in the tabular form of levelling commence at the top and 
run down the page; this difference, however, does not occasion 
any difficulty after a day or two. The staff having a double face 
gives four distinct readings when observed direct and again inverted, 
and when a long line is levelled having for its ultimate object the 
ascertaining the difference of level between two distant points 
(as, for example, the levels of.the Mediterranean and Red Seas on 
either side of the Isthmus of Suez), two staves are often used, and 
still further, as a check, a second instrument may be used: thus 
sixteen observations would be obtained between each station, and 
observations which would check each other most thoroughly ; for if 
even two or three errors were to creep in among the sixteen they 
could be at once detected and thrown out with confidence. 

The form or table (p. 97) in use has seven columns: in 1 are the 
letters of B M, or numbers of the points, if they have any; in 2 the dis- 
tance from point to point; in 3 the reading at back station; in 4 
the reading at forward station; in 5 the + difference of level or rise ; 
in 6 the — difference of level or fall; in 7 the correct height of the 
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station above the level of the sea. Columns 1, 2, 3, and 4, being 
entered in the field, are in black ink: columns 5, 6, and 7 may be 
inserted in the office in blue, while the corrections at the end 
would be in red. 

The readings of the staff “direct” and “inverted” are kept 
distinct, each occupying half of the page. The readings from either 
face of the staff should be inserted one below the other, and their 
difference should be constant : this difference is sometimes entered 
in the field-book, but it confuses the computor, and it is doubtful 
whether its entry assists the leveller. After the line has been 
closed on a B M the book is sent into the office for examination, 
the rise and fall is worked out, and the whole work most thoroughly 
checked by adding up all the + and — quantities and, taking the 
difference, dividing by 2 when both faces of the staff have been 
observed, this difference is contrasted with the difference of the’ 
whole of columns 3 and 4, also divided by 2. Should there be no 
error the difference is applied to the B M from which the levelling 
started, and the result should agree with the height of the B M on 
which the levelling is closed ; should it not do so, but be within the 
limit of error, a correction is applied to the height of each station 
in working out column 7. In levelling fortifications, streets, &c., 
it is often necessary to take several readings without shifting the 
instrument; in such cases suppose the instrument to have been 
moved each time, and enter the forward reading of the staff as 
the back reading of the next station, and enter it as such. 

The form just described is shown on page 97, and is filled in as 
an example: the height of B M C* and EK? have been previously 
obtained in some other levelling, and it will be seen that there is 
a difference of 003 feet on closing which must be distributed 
throughout the line levelled over. Reference should be made on 
the form to the page of the abstract, where the heights of C* and 
E? may be found. This abstract in its form depends upon the 
nature of the survey, but its object generally is that it may be a 
handy book of reference to all the B M and principal points levelled 
to, so arranged that any point may be found without difficulty. 
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FORM OF REGISTER FOR LEVELLING. 


Commenced work, 23rd August, 1864. 
Level 5310, in good adjustment. 
(©. Register, page 119. 
Abstract, p. 14. 


, H. White. 


(Signed) CH. MoRTIMER, : 
Sapper R.E. in charge. 


Staff-holders | Sapper T. Smith. 
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In making trial sections with the spirit-level to ascertain the 
best line for a railway or other work, the same form applies as for 
sections for more particular purposes, either civil or military; but 
the distances may be longer, as was observed when speaking of the 
theodolite. The same bench-marks should be aware levelled up 
to in every trial section. 

In running check sections, to ascertain the accuracy of former 
sections, there is generally no occasion for measuring distances : 
and only a column for “back,” and another for “fore” sights, 
with a third for remarks, are required. 


B. 8S. F. S. REMARKS. 


At each bench-mark these columns may be added up, and their 
difference entered under the column of “Remarks.” As already 
stated, check sections are more quickly taken with a theodolite 
by reciprocal angles of elevation and depression than by the 
spirit-level. 

In laying down a section on paper, particularly if the ground 1s 
of gentle slope and the section of considerable length, it is usual 
to exaggerate the vertical heights for the purpose of rendering the 
undulations of the surface perceptible, which necessarily produces 
a distorted representation of the ground. The horizontal scale is 
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Vertical scale, 60 feot to 1 inch. 

Horizontal scale, 1000 feet to 1 inch. 
usually made an aliquot part of the vertical, that the proportions 
between them may be at once obvious. Scales of 25, 50, 100 or 
150 feet to one inch,* are appropriate for the latter, according to 


* The plotting scales, already alluded to, are very convenient for laying down 
sections ; and Mr. Holtzapffell’s cardboard Engine-Divided Scales will be found 


LEVELLING. 99 


the degree of detail required in the section; and the horizontal 
scale may be from } to ;!, of either of them; or even a less pro- 
portion if the section is of great length, and the ground generally 
flat, as in the figure above, plotted from the specimen of a level- 
ling field-book. 

The horizontal line from which the vertical distances are set off 
may be either on a level with one end, or some one point of the 
section ; or a datum line may be drawn any number of feet above 
or below this line, exceeding the sum of all the vertical heights : this 
latter arrangement makes all the dimensions reduced for plotting 
either plus or minus. Laying off intermediate horizontal and 
vertical distances should be avoided in plotting sections; the 
former ought always to be measured from the commencement of 
the section with as few interruptions as the length of the line will 
allow, and the latter from the datum line. Both horizontal and 
vertical distances should, particularly in a working section, be 
written legibly on the drawing. 

Trial sections that have been run for the purpose of ascertain- 
ing the best of several routes for a railroad, canal, or other work, 
should invariably be all plotted on the same scale and paper, and 
from the same datum lime; and commencing at, and having 
reference to, the same points as bench-marks. By this arrange- 
ment their comparison by the eye is facilitated. 

Cross or transverse sections are sometimes plotted above, and 
sometimes below the longitudinal section: and if only extending 
a few feet to the right and left, they are occasionally plotted on 
the line of section: but, if numerous, this last method causes a 
confused appearance in the drawing. 

A method of combining plan and section has lately been intro- 
duced by Mr. Macneil, for the purpose of giving a popular 
representation of the quantity of excavation and embankment 
at any part of the section of a line of railway, the direction of 


useful whete a variety of scales are often required ; from their method of construc- 
tion, they can be sold at the low price of nine shillings a dozen, of all descriptions in 
general use. If the paper is stretched on a rectangular board, and two of these 
scales are placed along two of the sides at right angles to each other, the horizontal 
and vértical distances can be laid down with a T ruler and angle without using the 
Compasses. 
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which is shown on the 
outline plan of the 
country through which it 
passes by a thick black 
line, supposed to represent 
a vertical section of the 
rail From the accurate 
section previously drawn, 
the heights of the em- 
bankments and depths of 
excavation at the different 
parts of the line are trans- 
ferred to this datum line 
on the plan; and these 
quantities being tinted with 
different colours, or if en- 
graved, represented the one 
with vertical, and the other 
with horizontal lines, show 
at a glance the general re- 
lative proportions of cuttung 
or embankment, as in the 
annexed figure. 

The dark line in both 
figures represents the sur- 
face of the railroad or em- 
bankment. 

To those unaccustomed 
to the use of sections, this 
simple contrivance by which 
they are rendered intelligi- 
ble is particularly useful, 
and has been ordered to be 
adopted in all plans for 
railways submitted to the 
House of Commons. Of 
course it is only intended 
to give a general idea: of 
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the quantity of work on any line of road, railroad, or canal, 
and to be explanatory of the report and estimate. 

The section which has always to accompany this species of plan 
must be plotted on a scale, the horizontal distance being not less 
than 4 inches to 1 mile, and the vertical not less than 100 feet to 
1 inch. A line must also be drawn on the section representing 
the upper surface of the rails. At each change of inclination the 
height above some datum plane must be shown, and also the rates 
of the slopes, and the distances for which these gradients are 
maintained. The height of the railway over or under any turn- 
pike road, navigable river, canal, or other railway, is likewise to 
be marked at the crossing. A variety of precautions and regula- 
tions are enforced by the “Standing Orders” relative to the con- 
struction of railways; and there are numerous other details con- 
nected with them, for which reference must be made to some of 
the numerous excellent practical works devoted solely to this 
branch of civil engineering. 

Numerous transverse sections are required for computing the 
relative proportions of embankment and excavation * on any work, 
which operation is much facilitated by the use of Mr. Macneil’s 
ingenious tables, calculated upon the “ Prismoidal Formula,” 
which shows the cubic content of any prism to be equal to the 
area of each end + four times the middle area, multiplied by the 
length and divided by 6; whereas the common methods of taking 
half the sum of the extreme heights for a mean height, or of 
taking half the swm of the extreme areas for a mean area, are both 
erroneous ; the first giving too large a result, and the second too 
little. 

Mr. Haskoll also gives very useful tables for the calculation of 
the areas of cross sections in the second volume of his “ Engineer’s 
Railway Guide;” a book containing full information upon all 
subjects connected with the laying out and construction of railway 
works. 


* Of the greatest possible consequence, both for the sake of avoiding unnecessary 
expense, and of laying out the work to the best advantage. Valuable information 
upon this subject will be found in Mr. Macneil’s work. 
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CONTOURS. 


The last description of levelling by the spirit-level to be noticed, 
is the method of tracing instrumentally horizontal sections termed 
“contours,” either round a. group of isolated features of ground 
for the formation of plans, for drainage, sanitary, railway, or other 
engineering purposes—models or plans of comparison for military 
works, &c.; or over a whole. tract of country with the view af 
giving a mathematical representation of the surface of the ground 
in connection with a national, om other extensive and aceurate 
survey. 

As regards the first of these, the tracing instrumental contour 
lines round any limited feature, or group of features of ground, 
the manner of proceeding is very simple, The site must be first 
carefully examined, and those slopes that best define the con- 
figuration of the surface, particularly the ridge and watercourse 
lines, marked out by rods or lorg pickets at such distances apart 
as may appear suited to the degree of minutie required and the 
variety in the undulations of: the ground. Where no such marked 
sensible lines exist, the rods must be placed where they can most 
readily be gbaerved, being necessary as guides for the levelling 
gtaff during the subsequent operations. An accurate survey of 
the ground on which, the positions of these, rods are shown is then 
to be made, This shaquld be laid down upon a scale proportioned 
to the purposes, for which the plan is required, and to the vertical 
interval by which the contour lines are to be separated. 

The scale for towns now adopted on the Ordnance Survey is 
sia or 10°56 feet to 1 mile, which is sufficiently large for most 
engineering and municipal works, but can be increased if necessary 
for illustrating projects for drainage, or for the supply of water by 
pipes, &c. Estates are generally laid down upon a scale of 3 or 4 
chains tol inch. For the larger scales the contour lines may be 
traced at equidistant vertical intervals of from 2 to 10 feet where 
the scale of the plan varies from 50 to 500 feet to 1 inch. This 
plan of the ground should be in the hands of the surveyor on 
commencing his contouring, as it will be of considerable assistance 
during the operation, and it is also desirable that sections should 
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be run from the level of some fixed plane of comparison along the 
principal and best-defined lines marked out by the rods alluded 
to, leaving pickets at the vertical intervals assigned to the 
contours. These pickets serve as tests of the accuracy of the 
work as it progreases and as starting points for fresh contours. 
The staff is now to be held at one of the pickets, the spirit-level — 
(or theodolite used as a spint-level) being so placed as to command 
the best general view of the line of level, and adjusted so that its 
axis may, when horizontal, cut the staff; and the vane (for a 
leveling staff of this description is required) raised or lowered 
till it is intersected by the cross wires of the instrument, The 
staff with the vane kept to this height is then shifted to a point 
about the same level between the next row of ranging rods not 
more than 12 or 15 chains distant from the spirit-level, on account 
of the correction that would otherwise be required for the curvature 
of the earth (about one inch in 10 chains), and moved up and 
down the slope till the vane again coincides with the wires, when 
another picket is driven. This process is continued until it is 
found necessary to move the level to carry on the contour line to 
the extent required. 

The same operation takes place with the contours above and 
below that first laid out; and where any bench-marks or points, 
the level of which may be of importance, come within the scope of 
the spirit-level, they should be invariably determined. 

Where the vertical interval is small, the pickets upon more 
than one line of contours can often be traced without shifting the 
position of the instrument if the levelling staff is of sufficient 
length. Too much should not, however, be attempted at one 
time. 

With regard to the second division of this subject, the tracing 
instrumental contours in connection with a national survey, the 
best instructions that can be given is a brief outline of the mode 
followed on the Ordnance Survey. 

The ground between each of the trigonometrical stations is 
carefully levelled with a spirit-level, pickets being. left at con- 
venient intervals for the contours to start from. The surveyor to 
be employed in tracing these contours is furnished with the 
absolute altitudes of the pickets, or those of bench-marks out of 
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the direct line between the trigonometrical points if they have 
been so left in preference, from which he has to level up or down 
to the contour height from whence he is to commence. With a 
theodolite or spirit-level he then traces the contour lines round 
the hill features in the manner already described, levelling to 
certain other bench-marks whose positions have been given to 
him, but of whose altitudes he is not informed in order that a 
check may be established upon his work, the position of the 
contour lines being recorded in a field-book with reference to the 
measured detail of the houses, fences, &c., in a close country; or 
by transverse lines in open uncultivated ground. 

The whole of the altitudes for the foundation of the contour 
lines are determined by levelling with the spirit-level, the calcu- 
lated heights obtained by angles of elevation and depression 
during the progress of the survey not being considered suffi- 
ciently accurate for the work as it is now performed :—the vertical 
distances between the contour lines thus traced out on the Ord- 
nance Survey (now published on the scale of 6 inches to 1 mile 
or 880 feet to 1 inch), vary according to the altitude above the 
sea, and as the character of the ground is steep or flat—from 25 
to 250 feet. These contours are however interpolated with inter- 
mediate horizontal lines run with the water level generally at the 
constant fixed vertical intervals of 25 feet. 

By assuming the level of the sea as the datum plane from which 
these progressive series of contours are to reckon, the altitudes of 
the several horizontal sections above that point are at once repre- 
sented, which is a more useful and practical arrangement than the 
system adopted by the French (who first introduced this method 
of delineating ground), of fixing upon some imaginary plane of 
comparison above the highest parts of the plan, similar to the 
mode still practised with ordinary sections. 

On surveys where pretensions are not made to such extreme 
mathematical precision, horizontal sections at distant vertical 
intervals may be traced with the theodolite or spirit-level, and the 
intermediate contours filled in by the eye; to perform which with 
tolerable accuracy, with the assistance of the instrumental con- 
tours previously marked by pickets on the ground, becomes after a 
little practice an operation of no great difficulty. 
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Even in surveys where the delineation of the surface of the 
ground is to be represented entirely by sketching on the hon- 
zontal system, as described in Chap. X., a few distant instru- 
mental contours very much facilitate the work, and give it a cha- 
racter of truth and certainty that could not otherwise be looked for. 

Fig. 1, Plate 8, illustrates the method of tracing and surveying 
the contour lines when the operation is carried on between the 
separate secondary triangles on an extensive survey. As has been 
remarked, however, there is no necessity for following this system 
of working rigidly within the boundary lines of these triangles, as 
bench-marks established at any convenient spots out of the direct 
line connecting two trigonometrical stations, answer just as well 
for checks upon the progress of the work, and for datum points 
from whence to commence, and upon which to close the work. 

Supposing, for instance, the altitudes of the trigonometrical 
points B, C, D, had been previously ascertained to be respectively 
625, 570, and 282 feet above the level of the sea, and that the 
instrumental contours were required to be marked at equal 
vertical intervals of 50 feet above that level. Starting from either 
of these points, say C, in the direction of CB, mark the level of 
the nearest line of contours, which in this case would be 20 feet 
below C; and then the points where every difference of altitude of 
50 feet would cut the line C B (500, 450, &.). On arriving at Ba 
check is at once obtained upon the section that has just been run; 
and the error, if any, can be corrected upon the spot. The other 
sides of the triangle, BD and DC, are then levelled in the same 
manner ; the connection of the corresponding contour lines cutting 
each of them traced out by the spirit-level ; and their position in 
plan laid down, either by traversing, or by reference to points and 
lines already surveyed and plotted. The places of many of these 
contour pickets can generally be ascertained whilst the levelling is 
in progress, by measuring their distances from the instrument and 
observing the angles made by them and the tngonometrical, or 
other known points. For this and other methods of obtaining 
their positions in the readiest manner no fixed directions can be 
given, as they must vary in different localities; and nothing but 
practice will render a surveyor capable of availing himself of the 
many opportunities he will constantly meet with of simplifying 
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his operations by the exercise of a little forethought and judg- 
ment. 

If, instead of confining the process of contouring within triangles, 
the altitudes of any points, a, 6, c, d, &c., had been determined by 
levelling, and given to the surveyor as his starting points ; he has 
only to level from one of them to the required altitude of the 
nearest contour line, either above or below him, and then proceed 
to carry this level round the hill features as in contounng isolated 
surveys. In very hilly or broken ground this system would appear 
preferable to that of working within the limits of regular figures, 
as the whole operation is made to depend more upon the marked 
natural features of the country. 

It 1s hardly necessary to enumerate the advantages of a system 
of horizontal contours traced thus accurately upon the plans of a 
national survey. Not only can the best general lmes of directions 
for roads, eanals and railways, conduits for the supply of water, 
drainage pipes, &c., be aseertained without the trouble and expense 
of trial sections; but accurate secttons, for whatever purpose 
required, may be*traced to any extent across the country in all 
directions. Had this system been adopted on the Ordnance 
Survey of England thirty years ago, an incalculable saving would 
have been effected on all the trial ines run to ascertain the best 
practicable directions for the railways that now intersect this 
country. 

Another use to which contour lines traced round any hmited 
extent of ground can be applied is the formation of models for 
military or other purposes, though the contour plan itself affords 
far more aceurate data for reference than can be obtained from 
the model, the dimensions of which, being derived from the plan, 
are, hike all copies, more liable to be vitiated by errors than the 
originals. 

By the aid of a contoured plan, many problems can likewise be 
worked out without the aid of vertical sections; from among 
others the five following are selected as of practical utility :*— 


* These problems are taken from a paper on Contour Plans and Defilade, by 
Colonel. Harness, extracted principally from the ‘‘ Mémorial du Génie.” 
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l. To find the direction of the slope and the inclination of « 
plane passing through. three given. nents ABC, nok in the 
aame shraight line.—Fig. 2, Plata 8 
Divide the ine AC, joining the highest and the lowest of the 

given points, so that the two parts may bear the same proportion 

to each other as the numbers expressing the difference of level 
between the third point and each of the other two; that is, make 

AD:DC::A~B: BaC; D will then be on the same level as 

B; and PD B will be a horizontal of the plane required. 


2. To find the scale of a plane which shall pass through two 
given points and have a given inclination. 


This inclination determines the interval in plan between the 
contours passing through the two given points, With one of 
these points as a centre, and that interval as radius, describe s 
circle, the tangent drawn, te which from the other point is a hori- 
zontal of the plane required. If the distance between the points 
is less than the necessary interval between the contours, this 
problem is of course impossible; and when possible it admits of 
two solutions. 


3. To find what part of a given surface is elevated above 
a given plane. 


The intersection of the horizontals of the plane with the 
contour lines at corresponding levels of the surface above, 
denotes, as seen in Fig. 3, the portion of the surface rising above 
the plane. 


4, To find the intersection of two planes. 


Produce until they meet two or more contours, having corre- 
sponding levels of each; the line joining the points of meeting 
will be that of intersection. If the contours of the two planes be 
parallel, their intersections, being a horizontal of each plane, will 
be known if one point in it be found. 


5. To find in a plane, given by its scale of slope, a straight line, 
which, passing through a given point in the plane, shall have 
a given inclination less than that of the plane (Fig. 4). 


Trace a contour of the plane having any convenient difference 
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of level above or below this point. With that point as a centre, 
and with the base due, with the required inclination of the line to 
the assumed difference of level as a radius, describe an arc cutting 
that contour. The line drawn through their intersections and the 
given point will have the required inclination. 

By the above problem a road up the side of a hill represented 
by contours, can be traced so as not to exceed in any part a given 
nclination. 

The application of contours to the object of defilading a work 
to secure its interior from fire (almost the first use to which they 
were applied) can hardly be entered upon here. The subject is 
fully treated by many French authors on fortification; and 
extracts from Captain Noizet’s paper, in the “Mémorial du 
Génie,” will be found in the sixth volume of the Royal Engineers’ 
Professional Papers.* 

- The method of measuring altitudes by the barometer and the 
temperature of boiling water is reserved for the next chapter. 


* See also the chapter upon Defilade in Captain Macaulay's ‘‘ Field Fortification.” 


CHAPTER VI. 
LEVELLING CONTINUED. 
MOUNTAIN BAROMETER, ETC. 


THE MOUNTAIN BAROMETER presents a method of determining 
comparative altitudes not susceptible of so much accuracy as 
those already described, but far more expeditious when applied 
to isolated stations separated from each other by considerable 
distances. It is also capable of being used extensively by one 
individual ; and the observations if performed with care will in 
most cases give results very near the truth. The accuracy of 
results will, however, depend very much upon the nature of the 
climate, the latitude, and the season of the year. The country in 
which there is least range and where it is nearly uniform as to 
time each day is most favourable for obtaining good results. In 
the British Isles the diurnal range is hardly observable owing to 
the great fluctuations, often amounting to over an inch in a few 
hours ; but in many parts of the Mediterranean the height of the 
barometer being known at 9 AM. on two successive days, the 
height during the interval for each hour can be closely approxi- 
mated to. And in lower latitudes, near the equator, this is still 
more the case. The instrument as made at present is very port- 
able, though liable to injury in travelling if the proper precau- 
tions are not invariably taken, the most essential of which is that 
of always carrying the cistern inverted, and in the position tight- 
ening the screw* at the bottom of the cistern to prevent the 


* Mr. Howlett remarks that, in barometers where the bottom of the cistern is 
formed by a leather bag, the mercury should be forced up nearly to the top of the 
tube by the bottom screw, whilst the instrument is held upright. It should then be 
carefully inverted, in which position it must always be carried. When required for 
use it should again be placed upright before the pressure of the screw against the bag 
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oscillations of the mercury breaking the tube. In barometers 
considered of the best construction, and which are the most ex- 
peusive, the surface of the mercury in the cistern is brought by a 
screw to the zero of the instrument, which marks the height at 
which it stood there when the scale was first graduated.* In 
others, not furnished with the means of effecting this adjust- 
ment, and in which the cistern is entirely enclosed from view, an 
allowance must be made to reduce the reading on the scale to 
what it would have been if the mercury in the cistern had been 
adjusted to zero, It is evident that this correction of the height 
of the column of mercury must be proportioned to the relative 
capacities of the cistern and the bore of the tube. 

Thus, supposing the interior diameter of the tube to be ‘1, its 
exterior ‘3, and the diameter of the cistern ‘9 inches ; the ratio of 
the areas of the surfaces will be (81—9) 72 to 1. The differ- 
ence, then, between the observed reading of the barometer, and 
that of the “ neutral point,” which is the height at which the 
mercury stood in the tube above the zero mark of the cistern when 
the instrument was first made (and is always marked N P), is to 
be diminished in this proportion, and the quotient applied to the 
observed reading, additive when it is above this standard, and 
subtractive when below. The small correction for the capillary 
attraction of the glass tube is constant and additive, and is gene- 
rally allowed for by the maker in Jaying off the neutral point, in 
which case no further notice need be taken of it. Should air by 


is relaxed ; otherwise the bag Is liable to be burst. Allowance must be made for the 
expanse of the mercury in the tube during the day : for example, on starting, the tempe- 
rature may not be higher than 60° F., but after the barometer has been carried for 
some time, exposed to the rays of a hot sun, the temperature of the mercury may be 
raised to 120° F.: this would involve an increase in the bulk of the mercury of about 
yigth ; on this account the mercury on starting should not be screwed close up to the 
top of the tube. 

* It is doubtful if this is any aiviatins: a barometer of this kind takes a long 
time to adjust and read ; and as a tangent to the surface of the mercury is required, 
both in the tube and the cistern, there are more chances of error in the observation. 

+ This correction, termed the ‘‘ capacity,” is generally ascertained by trial. A 
certain quantity of mercury is first poured into the tube, which it fills to the height, 
say of 144 inches : this same quantity is then transferred to the cistern, and found 
to rise ‘2inch. The capacity is therefore as 14°4 to ‘2, or 72 to 1; and this ratio is 
always marked by the maker on the instrument. 
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any means have found its way into the tube it can, if this is of 
large bore, be nearly got md of by holding the barometer upright, 
with the cistern downwards, and turning the screw at the bottom 
as far as it will go without forcing. The instrument must then 
be sloped to an angle of about 45°, when more air will rush into 
the tube. . If the screw is now unloosed, and the instrument held 
with the cistern upwards, at an angle of 45°, and gently tapped, 
the air will nearly all escape, the test of which is the mercury 
stniking the top with a clear, and not a muffled sound, showing 
that the vacuum is nearly perfect. Care should be taken to ascer- 
tain at the close of each day that no mercury has escaped from the 
cistern during the use of the instrument, otherwise some very 
curious errors may creep into the levelling. 

The principle upon which the density of the atmosphere, 
measured by the height of the column of mercury, is applied to 
the determination of comparative altitudes is too generally known 
to need explanation ; but the mere comparison of the observed 
heights of mercury at the places of observation will not suffice for 
the purpose, as every change of one degree of temperature of 
Fahrenheit’s thermometer causes an expansion or contraction of 
the fluid of 5g55 of its bulk, and all observation must be cor- 
rected on this account if made under different degrees of tempera- 
ture. The method of using the mountain barometer is shortly as 
follows : it is carried as before observed inverted until required for — 
use, the cistern being always kept above the horizontal at an angle 
of at least 45°, when, the screw at the bottom of the cistern being 
first turned until it no longer acts against the end of the tube, the 
instrument is reversed, and the gauge-point (if there is one) is set 
to zero. The index is then moved till its lower edge is a tangent 
to the globular surface of the mercury, the height of which in the 
tube is read off to +,'5g of an inch by means of the index vernier ; 
the thermometer attached to the instrument showing the tempera- 
ture of the fluid, and the detached thermometer that of the 
atmosphere at the time of observation, are also noted, together 
with the heights of the mercury. The following form is conve- 
nient, as containing the observations, and leaving a space for the 
results : 
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N.P. =30°100 
1 Lat. 51° 24’. 





Observed! Correc- |Corrected Differ- 
Station. Te aoe Baro- | tion for| Baro- |ence of |Remarks 
: *| meter. Capacity.| meter. | Level. | 








— rrr mmr arr J | ee 


High-water mark ...... 61° 58° | 30°405 30°409 | 


Parade, Brompton Bar- B | 
TACKS .......ceccceceees 60° 57° | 80°276 30°278 | 116°6 | 

| B 

Star Mill ............... 67°°5| 54° | 307120 30°120 | 





It is of course preferable to have two barometers, and to 
make simultaneous observations, as during changeable weather 
dependence cannot be placed upon results obtained with only 
one; particularly if any considerable interval of tume has elapsed 
between the comparison of the heights of mercury at the different 
stations. Even the method that has been suggested by Mr. How- 
lett of noting the tvme of each observation, ending the day’s work 
at the spot where it was commenced, and then correcting the 
readings of the barometer and thermometer at each station for the 
proportion of the total change between the first and last reading 
. due to the respective intervals of time, cannot of course render 
observations taken with one barometer equal in accuracy to those 
observed simultaneously with two instruments, unless the rise or 
fall of the barometer, and particularly of the thermometer, was 
ascertained to have been wniformly progressive during the whole 
day. Observing however the barometer again at the first station 
at the close of the day has this advantage, that any great change 
during the period will be immediately detected, and the degree of 
dependence to be placed upon the observation made evident. The 
difference of readings, owing to these changes, will also be gene- 
rally subdivided among a number of observations, though instances 
may occur, where this caution, as regards the thermometer, will be 
productive of error in the result. Another and more, perfect 
system is to bave a standard stationary barometer at the base of 
operations which is to be observed at certain hours of the day at 
the same time as those in use in the field ; but inasmuch as there 
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is often a considerable local variation, it is necessary also to have 
one barometer in camp to be observed at the same hours.* 

There are several methods of calculating altitudes from data 
thus obtained. That according to a formula given by Mr. Baily, 
in p. 183 of his invaluable “ Astronomical Tables and Formulz,” 
is perhaps the most simple when a table of logarithms is at hand 
—it is deduced from the rule given by La Place reducing the 
French measures to English feet, and expressing the temperature 
by Fahrenheit’s thermometer, and becomes by the use of the 
Tablet in the next page A + C + log D. D being =log B — (log 
8 +B) where 

t represents the temperature of the air at the lower station. 

v’ that at the upper. 

r the temperature of the mercury at the lower station. 

7 that at the upper. 

A the correction for temperature dependent upon ¢+?’. 

B that for the temperature of the mercury dependent upon 
r—r’, and 

C the correction for the latitude of the place. 

B the corrected barometer reading at the lower station. 

f’ that at the upper. 


* The most generally approved construction of mountain barometer is that by M. 
Gay-Lussac. It is a glass syphon, contained in a brass tubular scale, having the zero 
at the bottom, and divided upwards to 33 inches. Each inch is divided into tenths 
and each tenth into five parts, the vernier divides each of these fiftieths into 
twenty parts, giving the inch divided to thousandths. 

+ In Mr. Baily’s table, the column B is calculated on the supposition that the 
thermometer is always the highest at the Jowest station, which in greaé altitudes will 
be the case ; but as the barometer may be used with advantage in a comparatively 
flat country, this omission has been remedied in a table published by Mr. Howlett, 
in the ‘‘ Professional Papers” of the Royal Engineers, from which the column B has 
been taken. The more accurate method is to correct the barometer for temperature, 
independently of the tables. 
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Thermometer in open air. 


The following example taken from page 112 will explain the 


4°76891 
4°76989 
4°77089 
4°77187 
4°77286 
4°77383 
4°77482 
4°77579 
4°77877 
4°77774 
4°77871 
4°77968 
4°78065 
4°78161 
4°78257 
4°78358 
4°78449 
4°78544 
4°78640 
4°78735 
4°78830 
4°78925 
4°79019 
4°79118 
4°79207 
4°79301 
4°79395 
4°79488 
4°79582 
4°79675 
4°79768 
4°79860 
4°79953 
4°80045 
4°80137 


110 
112 
114 
116 
118 
120 
122 
124 
126 
128 
180 
182 
184 
186 
138 
140 
142 
144 
146 
148 
150 
152 
154 
156 
158 
160 
162 
164 
166 
168 
170 
172 
174 
176 
178 





4°80229 
4°80321 
4°80412 
4°80504 
4°80595 
4°80687 
4°80777 
4°80869 
4°80958 
4°81048 
4°81138 
4°81228 
4°81317 
4°81407 
4°81496 
4°81585 
4°81675 
4°81763 
4°81851 
4°81940 
4°82027 
4°82116 
4°82204 
4°82291 
4°82379 
4°82466 
4°82553 
4°82640 
4°82727 
4°82813 
4°82900 
4°82986 
4°83072 
4°83158 
4°83234 
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TABLE 


FOR DETERMINING ALTITUDES WITH THE MOUNTAIN BAROMETER. 


method of computation :— 


6 t= 58° Y=57°; r61°= ; + = 60 





C 
ti- 
tude. 
0 0°00117 
5 0°00115 
10 0°00111 
15 0°00100 
20 0°00090 
25 0°00075 
80 0°00058 
85 0°00040 
40 0:00020 
45 0°00000 
50 9-99980 
55 9°99960 
60 999942 
65 9°99925 
70 9:99910 
75 9°99900 
80 9°99890 
85 9°99885 
90 9°998838 
moe i 
Te 3 
S38 
@ 
o8'3 
| ove 
a. fA 
. Bee a 
oe as 
a oO + 
a= 0 
oo 9 + 
“aS 
a 


@=30°409 ; @’= 30-278, latitude 51° 24’. 


Thermometers to the 
Barometers. 
B 
Highest Lowest 
r—r | at Lowest | at Lowest 

Station. Station. 
0°00000 0°00000 
0°00004 9°99995 
0°00009 "99993 
0°00013 "99987 
0:00017 "99982 
0°00022 99978 
0:00026 "99974 
0°00030 99970 
0:00035 "99965 
0:00039 99961 
0°00043 99956 
0°00048 99952 
0°00052 "99948 
0°00056 99943 
0°00061 "99940 
0°00065 "99935 
0°00069 "99930 
0°00074 "99926 
0°00078 "99922 
0°00088 "99917 
0°00087 99913 
0:00091 "99910 
0°00096 99904 
0°00100 "99900 
0°00104 99895 
0°00109 99891 
0°00113 99887 
0°00117 "99882 
0:00122 99878 
0:00126 99874 
0:00130 99869 
0°00134 99865 
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t{+¢=115°; from the table A = 480458 


r—r= 1; » » B= 000004 
» » C= 999974 

log 8 80409... 148300 
wep mme MeN 
D = 000183 


log D = 7:26245 
A = 480458 
C = 9:99974 


2:06677 = 116°6 altitude in feet. 


By a section taken with a spirit level, this altitude was found to 
be exactly 115 feet.* ‘ 

Altitudes are also very easily (but not always so. correctly,) 
obtained by the tables in a pamphlet, entitled “A Companion to 
the Mountain Barometer,” published by Mr. Jones, and sold with 
the instruments made by him. The barometrical observations 
are first brought to the same temperature by applying to the 
coldest a correction found in the first table for the difference of 
the attached thermometers. The approximate height is then 
obtained by inspection, taking the difference between the numbers 


* Asa proof, however, that the results given by the barometer are not always to 
be depended upon when extended to very great distances, the observations consequent 
upon which occupy a considerable time ; it may be mentioned that Professor Parrott, 
who was employed in determining by barometrical measurement the level of the 
Black Sea above that of the Caspian, made this quantity by a series of the most 
careful simultaneous observations in 1811 exactly 300 feet ; the same operation 
repeated by him in 1830 gave a result of only 3 or 4 feet. In 1837 this altitude was 
determined geodesically by the Russian Government to be 83°6, and was afterwards 
made by a French observer between 60 and 70 feet. 

+ In Mr. Jones’s Pamphlet the centigrade thermometer is supposed to be used (the 
comparison of which with Fahrenheit’s is given in Table 19). The centigrade, or 
centesimal thermometer, derives its name from the interval between freezing and 
boiling water being divided into one hundred parts. lt is adapted to the decimal 
system of measurement, and since the Revolution has been very generally used in 
France. Its zero, like that of Reaumur’s, commences at the freezing point. 

12 
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corresponding to the corrected readings of the barometer from 
the second table. 

Lastly, the correction in the third table opposite to this result, 
multiplied by the mean of the detached thermometers, and added 
to the approximate height, gives the true difference of altitude. 
The same example as before is worked out by means of these 
tables, the temperatures being converted from Fahrenheit to the 
centigrade scale to correspond with the tables. 





Fahr. Cent. Fahr. Cent. 
60= .. 156 58 = 14°4 
6l= .. 161 s7= 139 
5 2)28°3 
Table first. . . ‘0060 — 
14°15 
Correction applied -0030 *45 From Table IIT, 


to coldest barom. 30:2768 





for approximate 
7075 altitude 110 ft. 
30°281 5660 


6°3675 








In Table II. opposite 80'281 is 611 
opposite 30°409 501 


Approximate diffalt. of... . 10 
Add correction table ; : 6'3 
True difference of altitude . 116°3 


Dr. HUTTON’S RULE for the calculation of altitudes by the 
barometer is as follows :—First correct the heights of the mercury, 
or reduce them to the same temperature, increasing the colder, or 
diminishing the warmer, by 555 part for every degree of differ- 
ence between them as shown by the attached thermometer. 

2nd. Take the difference of the common logarithms of the 
heights of the barometer thus corrected, setting off four figures 
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from the left hand for integers, which will be an approximate 
height in fathoms. 

3rd. Correct the number last found for the atmospheric 
temperature shown by the detached thermometers as follows :— 
For every degree that the mean of the two differs from 31°, take 
so many +}, parts of the fathoms above found, and add them if 
the temperature be above 31°, but subtract them if below, for the 
true difference of altitude in fathoms.* The same example as 
before is thus solved by this rule : 




















r= 008 57 
30°278 add 58 
30°281 57°5 mean. 
30°409 log, = 14830021 31° subtract. 
30:281 log. = 14811702 
—_-—_—. 26°5 
0018319 
Approximate alt. fathoms 18319 — 
Correction for temperature 1116 a Z se =1116 
True altitude in fathoms 19°435 
6 


Or in feet 116°61 

Where no table of logarithms is at hand, the following rule is 
given in Mr, Howlett’s paper for the altitude :— 

a = diff. bar. x £8820. + 584 x sum detached thermometers 

sum of barometers. 

Approximate altitude = a — a (‘00006 x lat. in degrees). 

This is nearly correct up to 2500 ft.; for a greater altitude 
apply the following correction :— 





gum. bar. 


True alt. = approx. alt. + 4 approx. alt. x (= coal) ) 


* In this rule of Dr. Hutton’s, as in Jones’s tables, there is no correction for 
latitude. One of the latter, I have also been informed, is erroneous; but they will, 
at all events, give good approximate results, which is all that is gencrally required of 
the mountain barometer. 
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The computation of heights from barometrical observations 
without the use of logarithms is also much facilitated by the aid 
of the following tables constructed by Mr. J. O. Farrell of the 
Ordnance Survey, which are applicable to all ordinary cases. 


TABLE I. 
Mean Reading of Barometer. Proportional Part 
for Hundreds. 
Tenths. Subtract. 





Ww 


511004: 9|999- 9 995° 0/990" 1/985-3/980-5,975-8|971 - 1966-5|961-9|1°0/1-9/2-9/3°8 
6| 957: 4|952-9,948- 4/944-01939- 7,930: 4931 - 1926-9 922-8,918-6)0- 9]1-7|2°6|8- 
27| 914: 4|910-5|906-5|902-5|898-6|894-7 890- 8/8870 883°3/879° 50° 
28| 875°8 872: 1/868-5|864-9|861-3/857°8 854°31850°8 847° 4'844-0 
29| 840-6/837-2|833-9/830- 6 827-3|824-1|820-9|817°7/814-5,811-4 
30| 808-3:808-2/802-1/799-0:796-0|798- 0\790-0|787-0;784°1)781"2 





TABLE IL. 


Mean of Detached Thermometers. Prop. Parts for Difference of 
A ed Thermometers. 
Corrections in Feet. 





To use these tables add the tabular number from Table I. cor- 
responding to the half sum of the readings of the barometers 
(corrected for instrumental errors) to the sum of the readings of 
the detached thermometers, and multiply this sum by the differ- 
ence of the barometers—then from the product thus found 
subtract (or add if the reading of the upper attached thermometer 
be the greater) the correction from Table II. corresponding to the 
difference of the attached thermometers found in the column 
headed “Mean of detached Thermometers ” which most nearly 
corresponds with their mean reading. 

The following example being the same as that worked out by 
Mr. Baily’s formula in p. 112, shows the application of this 
simple rule. 
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BAROMETERS. ATTACHED THERMS. DETACHED THERMS. 
At High-Water Mark . . 380°409 61 58 : 
Parade, Brompton Barracks . 30°278 60 57 mean 57°5. 
2)60°687| Diff 1° 
$sum . . 30°343| Add from Table I. 797°8 
Sum - . 912°8 
Difference. Barometers . . 0°181 Multiply by 131 
: Product. Product . 119°5768 
Toten ee Correction, Table II. Subt. 2°5 
Altitude ‘ ¢ 3 : - 117°0 feet. 
True altitude by levelling - « 115° 





This process is still further simplified by adding or subtracting 
as the case may be, 2} times the difference of the attached 
thermometers in lieu of the correction found in Table IT. 

ANEROID.—This well-known description of barometer, is found 
a most valuable substitute for the mercurial barometer in the 
determination of altitudes,* being much more portable, and 
not subject to the same derangement and risk of fracture by 
carriage as the other more delicate instrument. The pressure of 
the atmosphere is also the motive power in this invention ; but its 
application is totally different from that of the barometer, as it is 
made to act not on the surface of a fluid, but upon the top of a 
shallow cylindrical metal box, from which the air has been ex- 
hausted and a small quantity of gas introduced into what other- 
wise would have been a vacuum, for the purpose of compensating 
(by its expansion with the increase of temperature) for the ten- 
dency to collapse consequent upon the loss of elasticity thereby 
caused in the metal. The top and bottom of the box are forcibly 
separated and kept in this state of tension by a plate acting as a 
lever, the end farthest from the central point by which the box is 
supported resting upon a spiral spring. The increase or diminu- 
tion of the atmospheric pressure upon the surface of the box de- 
presses or elevates this end of the lever, with which two other 
levers are connected ; the last acting by means of a piece of watch- 
spring on the roller upon the axis of which is fixed the hand that 


* They are now constructed to read to altitudes of 15,000 feet or more. 
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indicates upon the dial the degree of pressure ; a flat spiral spring 
also acts slightly upon this roller, always against the levers; and 
thus keeps the hand, which would otherwise remain stationary 
after being propelled to its full distance, in constant unison with 
the varying fluctuations of the atmosphere. 

In measuring altitudes by the aneroid the same rules for calcu- 
lating the heights hold good as with the barometer; but in the 
present imperfect state of the instrument the precaution appears 
necessary to be: attended to of ascertaining by trial the actual 
value in feet of the graduations on the dial; and also the effect 
produced upon these results by any change of temperature, as 
different instruments will be found to vary in these particulars. 

The sketch below of the interior of the aneroid, the dial plate 
being supposed to have been removed, is taken from an extract 
from Mr. Dent’s treatise on 
the instrument in the “ Aide 
Mémoire.” 

D D is the cylindrical va- 
cuum box; C C the lever, 
to the end of which 1s at- 
tached the vertical rod 2, 
connecting it with the other 
levers acting by means of a 
piece of watch spring upon 
the roller carrying the index 
hand. An alteration in the distance of leverage to regulate the 
movement of this hand, so as to correspond with the scale of 
a mercurial barometer, is managed by means of the screws e 
and 6. 

The position of the hand is made to coincide with the indica- 
tion of a barometer by means of the screw A (to be touched for no 
other purpose), which effects the object by raising or depressing 
the lever C. 

Much has yet to be done in improving this instrument, for 
there is a liability to uncertainty in its action which detracts from 
its usefulness, 

Some are not sufficiently sensitive, and it will be found in 
descending rapidly 2000 to 3000 feet and ascending again that the 
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altitudes of intermediate stations are shown as higher in descending 
than in ascending, unless a halt is made at each point of a few 
minutes to allow of the instrument settling itself. 

Most aneroids now have the altitudes marked on the outer side 
of the line, with the inches on the inner side, the zero or mean sea 
level being 29°5 in., this saves a considerable amount of calculation 
in rough work; but the most useful instrument has a moveable 
scale of heights which can be set each morning to any zero, and 
thus saves all trouble throughout the day in computing the observed 
height. : 

METALLIC BAROMETER.—Still more recently Mr. Bourdon has 
introduced another substitute for the barometer, now sold under 
the name of the Metallic Barometer, which is even more sensitive 
than the aneroid, but would probably be more liable to injury in 
travelling. The theory of this instrument is that a bent hollow 
tube, the transverse section of which is not a perfect circle, cannot 
expand transversely when under pressure from the atmosphere 
without also opening outwards in the whole curve; one end of this 
being fixed, the other has a certain amount of play varying with 
the pressure, and to this end is attached the machinery for 
moving the index. This same principle has been also applied 
most successfully by Mr. Bourdon to the steam gauge and other 
purposes, 

SUBSTITUTE FOR THE BAROMETER—A contrivance for measur- 
ing altitudes was proposed by Sir John Robinson, Secretary to the 
Royal Society of Edinburgh, at one of the meetings of the British 
Association at Newcastle.* The instrument consisted of a glass 
tube, about one and a quarter inch in diameter and fourteen inches 
long with a small bulb at the end, the capacity of which was three 
or four times that of the inside of the tube, and the graduations on 
the stem of the tube were formed experimentally by the maker in 
the following manner :— 

The instrument was suspended within the receiver of an air- 
pump over a cup containing water at the temperature of 62°, the 
mercurial barometer standing at 30 inches. The air in the 
receiver being exhausted to a degree of rarefaction corresponding 

* A description of this instrument is given in the ‘‘ Mechanics’ Magazine,” for 
October, 1839, 
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to twenty-nine inches of the barometer, the lower end of the 
instrument was immersed in a cup of water; and air being ad- 
mitted into the receiver, the exhaustion was repeated until the 
barometer gauge indicated a pressure equal to twenty-eight inches 
when a corresponding mark was made on the tube, the air being 
in like manner admitted after its re-immersion. By the repeti- 
tion of this process the graduation of the stem was carried on as 
far as was necessary. 

With several tubes thus graduated, an observer in a hilly country 
may. ascertain the density of the atmosphere on the summits of 
different elevations, by sending an assistant to each with one of 
these tubes, and a tin case containing water. They are taken up 
with the stems open, and (the air within each partaking of the 
density of that at the station) the mouth of the tube is put into the 
water, and left mm 2 as the assistant descends. The water will 
rise in the stem as the density of the atmosphere increases, and 
will indicate by its height the degree of rarefaction of the air at 
the upper station—a correction being made for the variation of 
the barometer from the standard height, and also for that of the 
temperature of the atmosphere. 

This substitute for the expensive and delicate mercurial moun- 
tain barometer would, from its portability atid simplicity, be 
useful in roughly determining comparative altitudes in a moun- 
tainous country, but of course much accuracy cannot be expected 
from it. 

THE PATENT MERCURIAL POCKET STANDARD BAROMETER.— 
In this instrument (constructed by Casella) the mercury is raised 
from the cistern to the zero point by means of a screw, air being 
admitted and compressed at each observation. The body and 
cistern can be separated for convenience of carriage. It has been 
highly recommended for ascertaining heights, but no results 
obtained by it have as yet been published. : 

THERMOMETRIC HYPSOMETER—Another method of obtaining 
approximate differences of altitude is by a comparison of the 
temperatures of boiling water (which vary with the pressure of the 
atmosphere), upon which a paper was some years since published 
by Colonel Sykes, who practised it extensively in India.* As the 


* I ascertained lately the approximate altitudes above the sea of a number of 
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necessary apparatus is exceedingly simple, and the instrument not 
so liable to injury as the barometer, and much more portable and 
easily replaced, I have taken from this paper, (which will be found 
in the 8th number of the “Geographical Journal,”) the tables 
computed by Mr. Prinsep to facilitate the computation of altitudes, 
and also the examples given by Colonel Sykes, which render their 
application evident without further explanation. 

The results deduced from the use of these tables appear always 
rather less than those obtained from careful barometrical obser- 
vations, and also less than those calculated from the different 
formule, which have been arranged for the determination of 
altitudes by this method, but which do not all agree. The results 
of a number of careful observations made with the thermometer 
compared with those obtained at the same time with the baro- 
meter, or which have been ascertained by levelling, or trigonome- 
trically, will afford the means of making any necessary corrections 
in the tables, which however, giving so close an approximation, 
deserve to be more generally known and made use of. 

The accompanying sketch and explanation, 
taken from Col. Sykes’s pamphlet, show the 
whole apparatus required: 

A. A common tin pot, 9 inches high by 2 in. 
diameter. 

B. A sliding tube of tin, moving up and 
down in the pot; the head of the tube is 
closed, but has a slit in it, C, to admit of the 
thermometer passing through a collar of cork, 
which shuts up the slit where the thermometer 
is placed. 

D. Thermometer,t with as much of the scale 
left out as may be desirable. 

_ E. Holes for the escape of steam. 





places in Australia by this method ; many of these were afterwards tested by the 
triangulation, and the results proved even more satisfactory than I had anticipated. 

+ Thermometers are made expressly for this method of determining altitudes, the 
graduations being on a very Jarge scale, and extending only a limited number of 
degrees above and below 212° Fahrenheit. Any common brewer's thermometer, with 
a metal pot or saucepan, will, however, answer the purpose when in want of the 
apparatus described above. 
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The pot is filled four or five inches with pure* water; the 
thermometer fitted into the aperture in the lid of the sliding tube 
by means of acollar of cork ; and the tin sliding tube pushed up or 
down to admit of the bulb of the thermometer being about two 
inches from the bottom of the pot. 

Before using a thermometer for this purpose, it is necessary to 
ascertain if the boiling point is correctly marked for the level of 
the sea by a number of careful observations, and the difference, if 
any, must be noted as an index error. It is always desirable to 
have two or more thermometers which have been thus tested ; and 
in all observations the temperature of the air at the time should 
be noted.t 

The Alpine Hypsometer has lately been much used ; it is about 
six inches long by two and a half in diameter, and only weighs 
about 13 ounces. 


* The apparatus has lately been much improved, and any kind of water may now 
be used : the thermometer is sheltered by a double telescopic chamber, the vapour 
completely filling the inner portion and descending from the upper part of it into 
the outer portion. 


+ Captain Palmer, R.E., in his account of the Sinai Survey (1869), states that 
hypsometers were tried on many occasions, but nearly always with discordant and 
unsatisfactory results. Out of thirteen comparisons of hypsometric heights with those 
found with the mountain barometer (Gay-Lussac) and vertical angles, in two cases only 
was there close agreement. In the remainder the hypsometric values varied from 54 
to 338 feet below, and from 184 to 384 feet above the true altitude. They differed 
in the most irregular and unaccountable manner, and no weight was attached to 
them. The altitudes of some of the points were from 7000 to 8000 feet. He draws 
the following conclusion: (1) That at high altitudes hypsometers are not to be 
depended on for any but the roughest approximation ; (2) that aneroids, per se, are 
almost worthless for absolute determinations, and are only of service when used, as 
at Sinai, in direct connection with standard mercurial barometers at various heights, 
or for filling details of a survey between datum points of known altitudes. 
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TABLE I. 


TO FIND THE BAROMETRIC PRESSURE AND ELEVATION CORRESPONDING TO ANY 
OBSERVED TEMPERATURE OF BOILING WATER BETWEEN 214° AND 180°. 
















Total 


ing Barometer _| Logarithmic | altitude | Value of each / oportional 


Part for One- 









Differences /from 30°03 in. Degree in Feet 
eee or Fathoms. or the Level | of Altitude. es < * 
of the Sea. OBECC. 





EP | ee ee ee | eee) ee | eee ee 


The Fourth Column gives the Heights in Feet. 
* See Hutton’s Rule, p. 117. 
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TABLE I. 


TABLE OF MULTIPLIERS TO CORRECT THE APPROXIMATE HEIGHT FOR THE 
TEMPERATURE OF THE AIR. 


Temperature aT Temperature eas Temperature eas 
Multiplier. | “| . Multiplier. + Air, | Multiplier. 








of the Air. f the Air. of t 
32 1°000 52 1°042 72 1°088 
83 1°002 53 1°044 73 1°085 
84 1:004 54 1°046 74 1°087 
85 1:006 55 1°048 75 1°089 
86 1-008 56 1°050 76 1°091 
87 J°010 57 1°052 77 1°094 
88 1°012 58 1°054 78 1-096 
89 1:015 59 1°056 79 1°098 
40 1:017 60 1°058 80 1°100 
41 1°019 61 1°060 81 1°102 
42 1°021 62 1°062 82 1°104 
43 1°023 638 1°064 83 1106 
44 1°025 64 1°066 84 1°108 
45 1°027 65 1:069 85 1°110 
46 1°029 66 1°071 86 1112 
47 1°081 67 1°073 87 1°114 
48 1°083 68 1:075 88 1°116 
49 1°085 69 1°077 89 1°118 
50 1°037 70 1°079 90 1°121 


51 1-089 71 1:08] 91 1128 


When the water (with the thermometer immersed) has been 
boiled at the foot and at the summit of a mountain, nothing more 
is necessary than to deduct the number in the column of feet 
opposite the boiling point below, from that opposite the boiling 
point above: this gives an approximate height, to be multiplied by 
the number opposite the mean temperature of the air in Table II., 
for the correct altitude. 

Boiling point at summit of Hill Fort of  ., Feet. 
Pfrundhur, near Pina . . . . . . 2042=4027 
Boiling point at Hay Cottage, Pana. . . 208.7=1690 





Approximate height 2337 
Temperature of the air above . 75° 
ditto ditto below . 83 


Mean 79—Multiplier 1-098 





Correct altitude 2566 feet. 
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When the boiling point at the upper station alone is observed, 
the lower being the level of the sea, or the register of a distinct 
barometer, then the barometric reading had better be converted 
into feet by the usual method of subtracting its logarithm from 
147712 (log. of 30 inches) and multiplying by 6, as the differences 
in the column of “ barometer” vary more rapidly than those in 
the “feet” column (Hutton’s rule, page 117). | 


Example.—Boiling point at upper station. . . 185° = 14548 
Barometer at Calcutta (at 32°) 29°75 
Then 1:47712 —1:47349 = 00363 
Setting off four figures gives 36°3 








fathoms, which x 6 (to reduce to feet) 218 
Approximate height . ... 14330 
Temperature, upper station, 76° 
ditto . lower, 84 
Mean temperature. . . 80 Multiplier 1100 
Table IT. 
True altitude . . . . . . 15763 


Assuming 30:00 inches as the average height of the barometer 
at the level-of the sea (which is however too much), the altitude 
of the upper station is at once obtained by inspection in Table L.,, 
correcting for temperature of the stratum of air traversed, by 
Table II. 

In moderate elevations, the difference of one degree in the 
temperature at which water boils, indicates a change of level of 
about 500 feet, nearly equivalent to what would be shown by a 
difference of 0°6 of an inch in a mercurial barometer. 

The great value of the thermometric hypsometer will be found 
in checking the aneroid in the determination of great heights ; for 
from one cause or another the latter, at times, while accurately 
marking the difference of level of a few feet is entirely in error as 
to the total height. 


CHAPTER VII. 


PLOTTING, PENNING IN, SHADING, COPYING AND ENGRAVING 
TOPOGRAPHICAL PLANS. 


DRAWING PapER.—Where accuracy is required great care must 
be taken in the selection and management of drawing paper; the 
practice of damping and stretching the paper on a drawing board 
should not he resorted to, and should it have been recently 
obtained from the manufactory it will be necessary to keep it for 
three or four weeks exposed to the same temperature as the room 
in which it will be used, and when once in use it is desirable to 
keep the moisture of the atmosphere as uniform as is practicable. 

The importance of this will be understood when it is mentioned 
that paper expands and contracts unequally in proportion to its 
length and breadth, and is liable to alter one-hundredth part of 
its whole length in a few hours when exposed to. atmospheric 
extremes. 

The size mostly in use on the Ordnance Survey is double 
elephant (40 by 27 inches); antiquarian (53 by 31 inches) is 
often used on surveys when it is desirable to get as much as pos- 
sible into one sheet of paper. It will rarely be found that any 
large sheet of drawing paper has a perfectly plane surface, it 1s 
generally in the form of the surfaces of two truncated cones spread 
out and pieced together at the edges nearer the vertices ; this 
appears to result from drying the paper in the manufactory on a 
saddle, when the outer portions (for want of sufficient support) 
stretch more than the interior and consequently the paper will 
never lie perfectly flat when ready for use. This evil appears 
more noticeable in antiquarian than double elephant, The error 
can be at once observed by laying a steel straight edge near the 
outer edge of paper and drawing a straight line along in the direc- 
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tion of its length; remove it, and lay a wooden straight edge 
lightly on the paper and it will be found that the line previously 
drawn straight is now curved ; again draw a rectangle on paper 
50 by 29 inches with steel straight edge, and it will be found that 
though at ends it measure 29 inches, at centre it only measures 
28°94 inches, making a difference of 2 to 3 feet on a scale of +4,, 
and giving the plotter considerable trouble in adjusting the work. 

MounTING PLans.*—When damped, paper expands, calico con- 
tracts; to mount paper, nail the calico when dry with tin tacks to 
the drawing board, damp with water, lay on paste with solution of 
alum and scrape it off till it presents a smooth surface, then lay 
the paper (having been previously damped) upon the calico, com- 
mencing at one end, gently dabbing with a damp sponge, as each 
portion comes on the calico—this will remove most of the confined 
air; but should any remain between paper and calico, dab the 
sponge on the paper behind it and drive it to the side, being 
careful not to rub the sponge along the surface of the paper. If 
the paper is made too wet the sponge will in any case remove 
some of the surface and prevent the colour laying on evenly. 

Drawing tables and boards must have perfectly plane surfaces ; 
the best construction is that which allows of the surface freely 
expanding and contracting while at the same time no warping 18s 
possible. Mr. Howlett’s method, described in Vol. V., R. E. Prof. 
Papers, leaves little to be desired. 

SHEET LINES AND PLOTTING.—On extensive surveys or large 
scale plans when the work cannot be plotted on one piece of paper 
it will be found, as a rule, far more expeditious, economical, and 
accurate to draw the work on several sheets of paper than to 
attempt to mount them all together to form one plan; if the 
sheets are required eventually to be put together it can be so 
arranged after the penning in. 

After having settled upon some uniform size for the rectangles 
(3 feet by 2 feet is used on the Ordnance Survey) the angle points 
are carefully laid down by a beam compass on all the sheets when 
at the same temperature ; if this is not attended to there will be a 


* Plans are not usually mounted unless they are to be hung or rolled up or sub- 
jected to rough usage. 
K 
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discrepancy in the size of the plates. It 1s desirable that when the 
rectangles are marked off the thermometer and hygrometer may be 
registered, and the length of the boxwood and ivory scales tested 
by the same beam compass; after this is done the sheet lines* 
become the standards of length to which the scales are referred in 
plotting, 2.e., supposing on a scale gh, the sheet line on laying 
down measured 1200 feet by the boxwood scale, it may be found a 
week after on a very damp morning that it measures 1202 feet, 
and consequently a corresponding allowance will have to be made 
by the plotter so long as the paper remains in this expanded state ; 
otherwise the distances laid down will be too short when the paper 
returns to its proper portions, Sheet lines run generally north 
and south, east and west, the north being at top of paper; and in 
order that the positions of the trigonometrical points with regard 
to the plates may be obtained, it is necessary to connect these lines 
with the net work of the tmangulation; for this purpose any 
one of the trigonometrical points in the triangulation is arbitrarily 
fixed with reference to co-ordynate axes drawn in the direction of 
the cardinal points: from which point (the azimuth angle of any 
convenient side having been obtained) the positions of the whole 
of the A points can be calculated with reference to these axes. 
This being done, and the origin being made the corner of a plate, 
it is now a matter of subtraction of the lengths of the sheet lines to 
ascertain the positions of the A points in their particular plates. 
The cuttings of the measured sides of the triangles on the sheet 
lines can be obtained by calculation in the same manner. 

It is thus seldom necessary to put more than two sheets together 
at one time, and this only when plotting the cutting-up lines ; the 
plotting itself being carried across the sheet edge somewhat and 
transferred; sometimes it is found necessary to have a special 
examination and adjustment for the work about the sheet lines; 
but this is hardly necessary if the plotter lays down the work with 
care, and notes the effects of the atmosphere on the paper. It is 
suggested that, asa rule, the sides of triangles and cutting-up lines 
may be laid down by one of the seniors in the office, while the 
plotting of the detail may be performed by a subordinate. 


* The marginal lines or sides of the rectangles or plates. 
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Whether this is done or not, the plotting of the lines should be 
tested and approved of before any plotting of detail is attempted : 
it often happens that lines may have to be measured over again 
on account of clerical errors in booking. An expert plotter can 
frequently point out the exact point where the error has occurred 
from comparison of the connecting lines. 

For plotting from the field-books the lines and offsets measured 
during the progress of the work, “plotting-scales” of various 
sizes and descriptions are used. One of these contrivances con- 
sists of an ivory scale with a dove-tailed groove in the middle 
running nearly its whole length, in which slides at right angles to 
the principal scale, a shorter one projecting on each side as far as 
necessary ; for marking the offset distances right and left both 
have fiducial edges on each side, divided into chains and links 
according to the scale upon which the survey is to be plotted. 
Some surveyors prefer the two scales detached, the offset scale 
merely sliding along the edge of the other. The expansion and 
contraction of the length of ivory scales renders them unsuitable 
in warm climates where there is much variation of tempera- 
ture. Boxwood scales are preferred, but they must be used very 
carefully. 

Several matters with reference to plotting are mentioned in 
notes in Chapter IV., pages 50, 51, and 59, and there is no occasion 
to touch further upon the subject. 

It has been stated in Chapter II. that a standard measure is 
required for the out-of-door work ; it is also required for the office 
work, in order that the beam compasses may be referred to it. A 
standard yard is sometimes kept for this purpose, made of a piece 
of well seasoned oak or mahogany with brasses let in, on which 
the extremities of the yard are marked. 

It is a most difficult matter to know how to be sufficiently 
careful in all the little details of office work without at the same 
time wasting labour on trifles which can have little effect upon the 
value of the survey; experience alone can teach even the most 
intelligent the exact proportion of care to bestow upon each sub- 
ject in order to bring the whole work up to a uniform level 
approaching correctness. 


ScoRING TRIANGULATIONS.— In surveys plotted on one sheet of 
K 2 
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paper, the points are scored by means of a beam compass; 
in doing this the largest triangle should be selected for 
first laying down; if possible the whole of the triangulation 
should be laid down at the same time, and scale made so as to 
avoid the trouble of computing the difference for expansion or 
contraction. 

PROTRACTING TRIANGULATIONS.—It is sometimes desirable to 
obtain an approximately correct diagram of the triangulation, as 
for example when it is necessary to sketch the hills before the 
sides of triangles have been calculated. This may occur in a wild 
country, where there is to be little chain surveying, and where only 
a limited time is available. The A points can then only be 
obtained to scale by laying down the base line and protracting the 
angles from it from triangle to triangle until a genera] approxima- 
tion is obtained to the skeleton triangulation, within which the 
hills may be sketched. 

The Scales now adopted on the Ordnance Survey are :— 

1. Towns x1, or 10°56 feet (126-72 inches) to 1 mile.. 

2. Parishes, z:'55, or 25°344 inches to 1 mile, in which the 
English acre is represented by 1 square inch. 

3. Counties, -y}¢5, or 6 inches to 1 mile. 

4. Kingdom, gy3¢5, or 1 inch to 1 mile. 

In different stages of the progress of the survey Scales differing 
from the above have been used ; but at present they are limited to 
these four, which have been adopted as being best suited to the 
different descriptions of surveys. The first is perhaps rather in 
excess, as an equal amount of detail could be shown on a scale of 
toss or 5 feet to 1 mile. The 6-inch scale will also admit of 
almost the same amount of detail as that of 25 inches. Of their 
relative cost, the second, that of Parishes, is estimated at 114d. or 
ls. per acre; the third at 10$d. for cultivated, and 6}d. for 
uncultivated districts ; and the last, 1 inch to 1 mile, at 81. 68. 8d. 
per square mile. 

Repucina Pians.—The whole of Ireland and the rest of the 
United Kingdom, with the exception of the southern counties of 
England (surveyed to the scale of 2 inches to 1 mile), were plotted 
on the scale of 6 inches; these plans, as well as those on the 
sis and 5,5 scale, had all to be reduced (the two latter first 
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to the 6-inch) to the one uniform scale for the kingdom of 1 inch 
to 1 mile, the methods of performing which will now be ex- 
plained. These reductions were made generally by the pen- 
tagraph, in preference to using proportional compasses, or drawing 
squares in pencil of the required proportional size over the original 
and the paper for the intended reduced copy ;* but now they are 
effected by photography down to the 6-inch scale. A vast saving 
of time and labour is thus effected, as by the old process three 
copies or tracings on the 6” scale by hand were requisite, one for 
the engraver, one on which to fill in the features of the ground, 
contours, &c., and one to be laid under the pentagraph ; whereas 
by the later method it is only necessary to print off two more of 
the photographic impressions. 

In the pentagraph, the extreme range of reduction is in the 
proportion of 12 to 1, whereas there is hardly any limit to that 
by which plans may be reduced by photography ; the reduction 
from the 1, to the 6-inch scale is in the proportion of 21 tol, 
and consequently if made by the pentagraph would require two 
separate processes. 

The plans of the towns, parishes, and counties, containing a 
much greater quantity of detail than could be crowded into the 
scale of 1 inch to 1 mile, it is usual in the reduction by the 
pentagraph, or any other method, to omit in the reduced drawings 
such portions of this minutiz as appeared necessary or advisable. 
A difficulty on this score arose in the adaptation of photography 
which was met by making tracings of these plans on prepared 
calico omitting the superfluous details, from which tracings the 
copy by photography was made; and more recently by printing 
the whole impression in carmine mixed with soap, and inking 
in with an indelible ink such portions as were to be retained 


* Plans may be either reduced or enlarged by means of a sheet of vulcanised India 
rubber. In the former case the sheet is first stretched upon an expanding frame, 
and the plan copied on its surface with prepared ink. It is then allowed to collapse 
to the required scale, and the impression transferred for printing off either upon 
stone or zinc. When an enlarged copy is wanted, the plan isdrawn upon the India 
rubber in its normal condition, which is then stretched to the required proportional 
scale, and the expanded copy transferred for printing. Copies of plans upon the 
same scale are usually made by the method of equal squares,—with proportional 
compasses, —by tracing paper,—or with the tracing glass mounted upon a frame. 
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(which alone are taken up by the instrument*), exaggerating as 
is necessary the breadth of the roads, buildings, &c. 

The principal use made of photography, upon the Ordnance 
Survey has been confined to reduction of the towns on the xt, 
scale, to that of the parishes on the 5+1,,, and of the latter to the 
scale of 6 inches to 1 mile for the counties, and for special purposes; 
and though it may possibly be much extended, it is not contem- 
plated to apply it to the purpose of multiplying plans for publica- 
tion, in which respect it cannot bear comparison with impres- 
sions ON copper or zinc, either as regards economy or rapidity of 
execution. 

With respect to accuracy, although theoretically owing to the 
small distortion of the lens, photographic copies and reductions 
of plans can never be perfectly true, they are practically more so 
than those obtained by the pentagraph or any known method. 

Another proposal for further reducing labour by means of pho- 
tography has reference to the hill sketching drawn upon one of the © 
outline copies on the 6-inch scale, obtained as described above. 

HILL SKETCHING AND ENGRAVING.—The present mode, as 
described in his report on the reduction of plans, by Capt. Scott, 
R.E, who states that with the engraver it requires three different 
persons, each possessing a certain amount of artistic skill, is as 
follows :— 

“The first receives a 6-inch impression with contours (if these 
have been traced), which he takes into the field, and sketches on it 
the ground in pen and ink by horizontal shading. 

“The second receives his hill sketch, and on a I-inch outline 
impression with contours in pencil, he produces with brush and 
Indian-ink a reduced copy of the 6-inch field sketch. 

“The third engraves on copper the hills from this shaded 
drawing, rendering the character given by the brush by means of 
vertical hachures. It is now proposed to have the field sketch 
made on the ground in so complete a manner, that the second 
process of making a finished drawing with the brush may be 
altogether dispensedt+ with, and the hill sketch on the 6-inch scale 

* The carmine having been bleached with chloride of lime and a few drops of 
hydrochloric acid. 

ft The finished drawing has not been dispensed with up to present time. 
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reduced by photography to the l-inch scale, as a sufficient guide 
for the engraver.” 

PHOTO-ZINCOGRAPHY.—It was observed above that it was not 
proposed to multiply plans by photography for publication, that is, 
not to print off a number of photographic copies from a negative 
upon glass; but most successful attempts have been made by 
Sir H. James to transfer photographic prints of manuscripts, maps, 
and line engravings, to zinc and stone, and to etch in the impres- 
sion by a weak solution of phosphoric acid, copies from which are 
printed off in the usual manner. 

In a pamphlet published by him, entitled “ Photo-zincography,” 
the whole of this (R.E. Profi. Papers, vol. x. p. 129) process 1s 
described, and it will no doubt be extensively applied, not only to 
the multiplication of maps, but of old manuscripts and other 
documents now almost inaccessible, at a much lower cost than by 
any other method, and with unerring fidelity: the ‘“ Doomsday 
Book,” for instance, which Sir H. James has printed by this 
process. 

SCALE OF SHADE.—Attempts are now* being made to substi- 
tute a new style of engraving more characteristic of the real 
features of the ground, for that of the vertical hachures, which has 
been adopted on the Ordnance Survey in preference to the 
horizontal system used in the field, partly on account of its greater 
facility of execution, and partly it is believed from the supposed 
interference of horizontal lines with the outline details, parti- 
cularly of the roads, the general directions of which when laid 
down on a map on asmall scale run nearly parallel to contour lines ; 
and from specimens produced by Mr. Duncan, the Chief Engraver 
at the Ordnance Survey Office in Dublin, it would appear that he 
has succeeded in this altogether new style of engraving, to which 
he has given the name of Trio-tinto, because it combines the effect 
of the three methods of Mezzo-tinto, Aqua-tinto, and Stippling. 

The inventor appears confident of being able to bring this 
‘method so completely within the control of the engraver, that the 


* Written in 1862. The ‘‘scale of shade’’ is still a vexed question as far as 
topographical plans are concerned on the 1" scale, but it has been decided upon for 
the 6" reconnaissance sketches. The hills on the Ordnance Survey plans are still 
engraved in the same manner and in the same character as formerly. 
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same “scale of shade” shall without difficulty be invariably 
adapted to its corresponding angle of inclination, which in a 
contoured plan can be ascertained with mathematical certainty by 
the mere application of a scale to the drawing, the distance 
measured being the base, and the number of contours within that 
distance multiplied by the vertical distance between each contour 
the perpendicular. The establishment of a scale of shade has * 
frequently been attempted on the Continent (see chap. ix.), by 
Major Lehman, and several French Engineers, as well as by 
Mr. Burr at Sandhurst; and its realisation in an easy and graphic 
system of hill-engraving would certainly supply a want long felt 
in topographical drawing, more particularly if the cost of engraving 
should, as itis supposed, not exceed one-third or one-half of that 
of the present system of vertical hachures. 

To return to the subject of representing the features of the 
ground with the brush and Indian-ink upon a topographical plan, 
either for the purpose of producing a drawing giving the physical 
relief of the ground, or for that of guiding the engraver. 

The different disposition of the light affords the means of vary- 
ing the system of shading hills. Where it is supposed to descend 
in parallel vertical rays upon the ground; each slope evidently 
receives less light, or relatively speaking more shade in proportion 
to its deviation from a horizontal plane on which the maximum of 
light falls. Mr. Burr, in his “ Practical Surveying,” devotes a 
chapter to the scale of shade to be applied to plans finished on 
this supposition, which however he candidly acknowledges to be 
an impracticable theory; but it leads him to the very just con- 
clusion, that hills are generally shaded much too dark to give 
anything like a natural representation of their various slopes, 
which defect has also the additional fault of confusing the appear- 
ance of the drawing, and impairing the accuracy and distinctness 
of the outline. The slopes drawn upon this system have evidently 
no light or dark sides, which causes a monotonous effect ; and yet, 
on the same plan, both trees and houses are constantly represented 
with shadows. 

The other system of supposing the light to fall obliquely upon 


* See Chapter IX., Military Reconnaissance. 
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the ground (as in nature), either at one fixed angle or at an angle 
proportioned to the general character of the slopes,* is decidedly 
favourable to the talent of an artist; but there are two objections 
to its general adoption in plans of an extended survey: first, the 
difficulty of execution; and secondly, its ambiguity even when 
correctly drawn, except to those accustomed to the style. The 
slopes directly opposed to the light would evidently receive a 
greater portion of illumination than the summits of the highest 
hills ; and, in fact, the whole arrangement of the disposition of the 
shades is quite different from what it would be under a vertical 
light, as is seen by exposing a model of any portion of ground to a 
strong light from a partially-closed window. The practice of copy- 
ing the effects of light and shade from models is the best intro- 
duction to this system of shading ground, and is in fact indispen- 
sable before attempting to finish a plan.t+ 

The method now most generally practised in topographical plan- 
drawing partakes of both these systems ;{ the light is considered 
as falling nearly vertical, but sufficiently oblique to allow of a 
decided light and shade to the slopes of the hills, trees, &c. The 
hills are shaded, not as they would really appear in nature, but 
on the conventional system of making the slopes darker in pro- 
portion to their steepness ; the summits of the highest ranges 
being left white. This arrangement, though obviously incorrect in 
theory, has the advantage of being more generally understood by 
those not accustomed to plan-drawing, and is also easy of execu- 
tion: it is that adopted in finishing the plans of the Ordnance 


* Mr. Burr proposes an angle of about 15° fora flat country, and 40° for moun- 
tainous districts; the angle of oblique light ranging between these two extremes 
according to the nature of the ground. 

+ The late Mr. Dawson, whose talents and energy did so much towards bringing 
the sketching and shading plans of the Ordnance Survey to its present state of per- 
fection, was the principal advocate of this system of oblique light ; and some of the 
copies, from models of large tracts of country drawn by Mr. Carrington, at the 
Ordnance Map-office, in the Tower, are hardly to be distinguished from the models 
themselves, when they are both placed in a proper light. 

t These and the preceding remarks apply solely to shading with the brush ; the 
methods of delineating slopes by the pen and pencil will be explained in Chapter IX. 
The Ordnance Surveys are finished on this system for the engraver, even though the 
ground may have been instrumentally contoured. 
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Survey, and from which the features of the ground are engraved 
on the vertical system of etching, as being much the easiest 
although not so for sketching in the field. 

Tintine@.—In finishing detailed plans on a large scale, stone or 
other permanent buildings are generally coloured red (lake or car- 
mine). Wooden or temporary structures are tinted with a shade 
of Indian ink. Water is always coloured blue. Where distinc- 
tions between public and private buildings or property are re- 
quired to be shown, different colours must be used and explained 
by references on the drawing; the same remark applies to the 
distinction between buildings erected and those only contemplated. 
The most usual conventional signs have already been alluded to 
in pages 72 and 73. 

ANAGLYPTOGRAPH.—Trials have been made to render the patent 
process of engraving by a machine, known by the name of “ Ana- 
glyptograph,” which answers so beautifully for giving a correct 
representation of a cast, or basso-relievo, available for topographical 
designs. <A surprising relief is produced by this method of engrav- 
ing, but it renders the general surface of the plan so dark as to 
‘obscure the accuracy of the outline, and as it is necessary that a 
model should be previously made of the feature to be represented, 
it is only suited to small portions of irregular ground. 

CoPPERPLATES,—Any lengthened description of the method of 
engraving upon copper the plans of the Ordnance Survey would be 
foreign to the objects of this work ; the process is of course nearly 
similar to that of all copperplate engraving, but a considerable 
portion of the writing, and all flat shades of water, &c., are done 
by machine ; the parks and sands are also ruled by machinery by a 
steel dotting wheel, the interval between the dots being regulated 
according to the required tint. 

Woods, figures, rocks, &c., are engraved by steel punches, by 
which a vast saving of labour is effected. 

As copperplates will only bear a certain number of impressions 
being taken off without evincing a deterioration in the impressions, 
the plan of renewing these plates by the electrotype process has 
been resorted to with perfect success. 

Before a plate shows symptoms of wear, generally after a fixed 
number of copies have been taken, it is placed in a large bath of 
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sulphate of copper and diluted sulphuric acid, with a sheet of crude 
copper to supply the waste, and submitted to the action of a very 
strong galvanic battery. A copper matrix is gradually formed 
upon the engraved plate by the decomposition of the copper and 
its deposit on the plate; and when sufficiently formed the matrix 
itself is removed and submitted to the same process, until a fac- 
simile of the original copper engraving is perfected, which is then 
used for producing further impressions, which may thus he per- 
petuated for ever. 

Another use to which this process is applied is that of taking 
impressions of the copperplate at different stages of its progress 
of engraving, so that one copy is obtained with the contours, 
boundaries, &c., another with the hill features, a third with geo- 
logical lines, &c. 


CHAPTER VIII. 
MODELLING. 


A USE to which contoured lines traced round any limited extent 
of ground can be applied is the formation of models for military 
or other purposes, though the contour plan itself affords far more 
accurate data for reference than can be obtained from the model, 
the dimensions of which being derived from the plan, are like all 
copies more liable to be vitiated by errors than the originals. 

To construct these models an outline of the plan is pasted upon 
‘a flat board of seasoned wood or other material, the points at which 
all the vertical heights have been determined being marked upon 
the orthographic projection. Vertical standards of copper, zinc, or 
any other metal, are then inserted into the board at these points 
and cut off at the proper heights. The level of the board forms 
the lowest horizontal plane—that of the sea at low water, if the 
ground to be represented is contiguous to the coast ; and the tops 
of the highest set of rods the superior plane of contours. The 
intervals between these pieces of wire are filled in with composi- 
tion or modelling clay, which is worked carefully to the level of 
the tops of the rods, and then with a small flattening tool or the - 
hand, moulded so as to represeut as nearly as possible the irregu- 
larities of the surface of the ground; the representation will be 
more or less perfect in proportion to the smallness of the vertical 
intervals between the successive series of contours. 

In some cases, particularly when the scale of the model is 
small and the character of the country of slight elevation, it 1s 
found desirable to increase the vertical scale, making it some 
multiple of the horizontal ; this of course produces an unreal, and 
more or less exaggerated representation of the ground. 

Where the contours have been run at considerable vertical 
intervals, and the surface sketched by the eye between them, the 
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sketch will be found of much assistance in shaping the surface of 
the model. 

From this model, if a mould in plaster of paris is made, any 
required number of casts can be taken, which if properly prepared 
with isinglass or size, may be coloured, and have delineated on 
their surfaces, references, boundary lines, &., for geological pur- 
poses. These models are eminently useful, but they should be 
made of small detached pieces, representing the different divisions 
and characters of the strata. 

When the subject of the model is on a large scale special 
measures must be adopted. 

A slight description is here given of the model of Gibraltar con- 
structed in 1863-4; now in the Rotunda at Woolwich. 

The detail survey is plotted on plates (antiquarian paper) 42” by 
26”, the scale being (53,5) fifty feet to one inch. The model is 
constructed on same scale, and is built on eight frames, 7’ by 
4’ 4” in clear, each occupied by four plates. These frames were 
formed of well seasoned 3” deals, dovetailed, screwed, and braced, 
so as to be perfectly rigid, they were made somewhat full and 
then planed down, great pains having been taken to make them 
square ; consequently the eight fitted together perfectly true. 
They were covered partially over with a skin of 4-inch yellow pine, 
the surface of which is the sea level. On to this was transferred 
the coast line and outline of sea-level fortifications. 

The highest point on the rock is about 1400 feet above mean 
sea level, giving an extreme height of 28 inches to model; the 
inclination of surface in parts verging on the perpendicular, the 
ordinary system of modelling could not be carried out, but a more 
rigidly accurate method was adopted by means of the contour 
lines. 

The exact height of points on the edges of the plates being 
known, the edges of the frames were continued up in wood to their 
proper height, forming sections, great care being taken that they 
should be raised perpendicularly so that all the frames should fit 
exactly when put together. 

Planks of yellow pine were then cut and planed to a thickness 
of ‘4 inch, each piece representing a height of 20 feet, and five . 
them e inches, or) 100 feet. 
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Traces of the contours were then taken, and the lines transferred 
in duplicate to the pieces of yellow pine ; then taking a keyhole- 
saw the wood was cut through on one set at the contours 60, 100, 
140, 180, &c., and on the other at 40, 80, 120, 160, 200, & The 
result was a lot of slips of wood with an outer contour cut, an inner 
traced, and a piece within and beyond on which to lay the next 
slip: it was thus only necessary to lay the piece cut at 60 on 
to the inside trace on 40, and that at 80 on 60, and so forth to 
obtain a perfectly accurate model of the contour lines, and this 
without wasting an atom of the wood beyond the outer corners. 
These pieces were then applied to the frames, their ends being 
checked by the sections at the edges, and glued up. This being 
done the model presented a surface nearly an inch thick, but in 
order to make all secure braces were fastened on behind, making 
the whole one piece. 

For filling in between the contour lines, tin tacks were nailed in 
different directions on outer surface of the yellow pine, and lines 
scored with a chisel and holes made with a bradawl in order to 
give a key to the plaster. 

Ordinary plaster of paris was used, mixed somewhat stiff, the 
wood first being moistened ; the plaster was smoothed off from 
contour line to line, and in the portion where it was too steep for 
contouring it was laid on in masses somewhat resembling the 
natural features of the rock. The batteries and houses were cut 
out in orange wood and placed at their proper heights. The more’ 
mechanical process was now finished and it remained to give the 
geological features to the surface of the rock, to make the cuttings 
and add the excrescences, and finally to cut out the general 
features upon the steep portions: for this purpose, photographs 
and sketches were made use of. 

The result was a portable model about 28 feet long, 8’ 8” feet 
wide, and 2’ 6” high, in eight pieces, and very light, consisting 
only of the frame, the yellow pine forming the contours, and the 
plaster over all. These pieces were packed in deal cases and con- 
veyed to England almost free from damage. 

It perhaps seldom happens in modelling a rocky piece of ground 
like Gibraltar that a contoured plan can be obtained to work from, 
it is therefore usually necessary to take a certain number of 
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‘gections on the ground and by means of the plan to work in the 
portions between. A variety of systems can be adopted, according 
to the nature of the work, the climate, and the means available. 

Plaster on well-seasoned wood offers the great advantages of a 
perfectly solid and accurate base with an easily manipulated 
surface. 

PLASTER OF PaRIs.—The several varieties of this substance are 
not all equally applicable for modelling purposes. The requisites 
are a plaster which can be laid on when of the consistence of from 
cream to butter, which will become solid in 10 to 15 minutes, 
lose its moisture in 24 hours, and be easily worked or cut with 
a pen-knife or chisel for several weeks after it has set. These 
requisites are possessed by the purer and more carefully prepared 
kinds of gypsum, but there are varieties which, whether from being 
mixed with alum or other substances, take several hours to set, 
and when once set are too hard or tough to be easily worked with 
the chisel. 

The powder deteriorates when exposed to the air, and its state 
can be ascertained by squeezing it in the hand, when, if good, 
it will cake or cohere, but if damaged by damp it will fall to pieces 
at once. 

The mixing of the powder for laying on the plaster requires 
some care and experience ; it should be mixed in small quantities 
in a bowl by shaking the powder in by hand, so gently that it all 
becomes completely soaked, and until it reaches the surface 
of the water; leave it for half a minute, gently stir it up and lay 
it on. 

CoLourING.—Perfect imitations of rocky ground, scarps, &c., 
can be obtained by colouring plaster of paris in distemper, but it is 
doubtful how long the colours will last ; oil colouring is somewhat 
more conventional, and the glossy appearance takes away from the 
effects of the model, but the colours are more durable and the 
plaster is preserved from the injurious effects of the atmosphere. 


CHAPTER IX. 


MILITARY RECONNAISSANCE, AND HINTS ON SKETCHING GROUND. 


—GERMAN SYSTEMS OF DELINEATING GROUND.—ENGLISH . 


SYSTEM.—HORIZONTAL CONTOURS.—GEOLOGICAL MAPS,—-CON- 
VENTIONAL SIGNS, 


THE sketch of any portion of ground for military purposes 
should in all cases be accompanied by an explanatory statistical 
report, and the combination of these two methods of communi- 
cating local information constitutes what is termed a Military 
Reconnaissance, in which the importance of the sketch, or the 
report, predominates according to circumstances. 

The object for which a reconnaissance is undertaken naturally 
suggests the points to which the attention of the officer should be 
principally directed. These may be divided into four classes. 

I. Reconnaissance in force. 

II. Reconnaissance made by a detachment of all arms, suff- 
ciently strong to protect themselves and secure their retreat. 


III. Reconnaissance from outposts by officers commanding - 


picquets, or by officers of Royal Engineers during the investment 
of a fortress or previous to an assault. 


pad 
< 


a. To determine the best line of march for 
A. Sketching at leisure, troops through a friendly or undisputed 
and under no re- country. 
striction from the( 5. To examine the ground with a view to its 
neighbourhood of being occupied either permanently or 
the enemy. for temporary purposes, or if it is likely 
to become the seat of war. 


. To examine certain districts of the country 
partially occupied by the enemy, gene- 
rally performed by officers accom- 


B. Sketching against panied by small cavalry detachments. 
time, and in the | 5. The same service, but referring only to 
neighbourhood of the passage of an army along the roads. 
the enemy. c. The simultaneous examination by several 

; officers of portions of a tract of ground 


near the enemy’s liues. 
a. Balloon reconnaissances. 


Reconnaissances by Officers of the Topographical 
Department. 
R 
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As this chapter is intended to refer more particularly to hints 
on sketching ground, and to the reports which supplement the 
sketches, it is only necessary to say a few words on reconnaissances 
under headings I., II., and IIL, in which the object is principally 
to ascertain the dispositions of the enemy on ground already 
sketched or which is to some extent known. 

I. RECONNAISSANCE IN FORCE.—During the military operations 
several competent officers should be in front among the skirmishers, 
availing themselves of any rising ground or trees for the observa- 
tion of the enemy’s position, and for making outline landscape 
sketches of the ground in front of them. These only differ from 
ordinary water-colour or pencil sketches so far that truth must not 
be sacrificed. to effect ; the detail must not be laboured, sky and 
water left untouched, all prominent objects which catch the eye 
should be inserted, such as large trees, farmhouses, ponds, rocks, 
bridges, &c. ; the detail to be governed not only by the time allowed, 
but also by the amount which may be inserted without confusing 
the outline. | 

If the ground is not well known, it will probably be desirable to 
furnish each officer with a skeleton plan of the enemy's position, 
enlarged from the small scale plans of the country furnished by the 
topographical department on which he can fill in the ground in 
front of him, taking angles to prominent points, and also fixing his 
own advanced position by means of azimuth angles to several 
fixed points in rear. These plans and sketches are all brought 
together and compared, and a useful general plan may be compiled 
‘from them suitable to the emergency of the case. 

RECONNAISSANCE IJ. & III.—In both of these cases the informa- 
tion obtained is likely to be of a desultory nature. 

RECONNAISSANCE IV.—Under this head we have several kinds 
of work, which, however, all aim at one standard of perfection, viz., 
to give as much useful information as is possible in the time 
allowed ; in each case, however, the object is different. If, for 
example, it is merely to determine the best line of march for troops 
through a friendly or undisputed country; the state of the com- 
munications, the facilities of transport, and possibility of provision- 
ing a stated number of men upon the route, are the first objects 


for his consideration. If the ground in question is to be occupied, 
L 
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either permanently or for temporary purposes, or if it is likely to 
become the seat of war, his attention must be directed to its mili- 
tary features, and a sketch of the ground, with explanatory refer- 
ences, together with a full and correct report of all the intelligence 
he can collect from observation (or from such of the inhabitants as 
are most likely to be well acquainted with the localities,* and 
most worthy of credence), will demand the exertion of all his 
energies, as upon the correct information furnished by this recon- 
naissance may depend, in a great measure, the fate of the army. 

The principal points for observation in a military sketch and 
report are— 

Roaps. — Their direction; genera] width; nature —whether 
paved or macadamized : if not, state subsoil minutely ; liability to 
injury ; facility of repair and destruction ; practicability, in what 
seasons and for what species of troops ; exposure to, and means of 
security from enfilade ; whether bordered or not by hedges, ditches, 
or banks, or passing through defiles, the nature and extent of 
which require most careful description, and report as to the means 
of turning, forcing, or defending. Nature of soil around: can 
troops and baggage get freely on to the fields on either side; what 
streams cross them, and the style of bridges over them ; width and 
strength with regard to passage of heavy guns; cross roads, 
whether they join in again at a few miles’ distance, and will enable 
the troops to avoid towns and villages; parallel roads running 
near ; whether there is any material at hand for mending the 
roads, or facilities for destruction or obstruction by means of felling 
trees, rolling down rocks, &c.; attention should be called to any 
harrow points. Particular attention should be paid to the ascents 
and descents, with their gradients. Roads are frequently reported 
impracticable without due consideration of the resources which 
may be brought to bear upon their improvement, or what difficul- 
ties an enterprising enemy may be able to surmount.t 

* It is almost needless to point out the incalculable advantages of being a good 
modern linguist to an officer employed on duty of this nature in an enemy's country. 

+ The Austrian staff officers must have reported the passage of the Alps ‘‘imprac- 
ticable,”’ and the French that of the Bohemian mountains, but both were forced. 


Napoleon’s maxim, though perhaps an exaggeration, was, that wherever two men, 
could pass abreast an army could follow. 
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RaILROADS.—Their gauge ; number of lines of rail, and descrip- 
tion ; description of bridges ; and means of destruction ; gradients, 
cuttings and embankments ; description of rolling stock, engines, 
water supply, stations (their construction), sidings; facilities for 
loading and unloading stores and cattle ; tunnels; telegraph lines 
and number of wires. | 

Rivers.—Their sources, width, depth, velocity of current ; 
facilities for watering horses on an extended front; character of 
water, whether likely to be frozen in winter, and if so, whether the 
ice is likely te bear the passage of troops; whether subject to 
sudden or periodical floods, and their effects upon the banks and 
adjacent country; whether dry or nearly so in summer ; facilities 
for inundation or drainage ; profile and nature of banks, whether 
boggy or wooded ; size and nature of vessels and boats employed 
in the navigation, and their probable number ; tributary springs 
and rivalets ; bridges, with their dimensions, nature of construc- 
tion, and means of destroying or repairing them; whether they 
are mined ;* fords for infantry or cavalry,t whether permanent or 
only passable at certain seasons or times of tide, or if exposed to 
fire, &c. ; 

CANALS.—Means of destruction, or of rendering them of use; 
construction ; depth and width of water, size of locks; how navi- 
gated, and on which side the towing path, &c. 

MiuiTaRyY FEATURES.—Inclination and nature of slopes and 
all irregularities of ground; accessible or not for cavalry or 
infantry ; description of country, open or inclosed; relative 
command of hills;t ravines; forests; marshes; inundations ; 
barriers ; plains; facilities for landing, if on a sea-coast with ~ 


* In 1870 the French, having built all their important bridges with secret mines, 
were enabled, by the destruction of the railway bridges across Northern Central 
France, by Troyes, to oblige the German army in that quarter to depend mainly 
upon the line from Nancy to Lagny, near Paris, on which line also the army invest- 
ing Paris was entirely dependent for its communication with Germany. 

+ A ford should not be deeper than three feet for infantry, four feet for cavalry, 
and two and a half for artillery and ammunition waggons.— Macauley’s ‘‘ Field Forti- 
fication.” The nature of the soil at the bottom should always be ascertained, and 
also if it is liable to shift, which is the case in a mountainous country. 

+ If actual differences of level cannot he determined for want of time, still relative 
command may be obtained, and numbered 1, 2, 3, &c., accordingly. 

L 2 
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‘nature of beach and roads within reach; military posts and 
fortified towns; good positions; either offensive or defensive ; 
ground suited for encampments; supply of water, &c. 

STATISTICAL INFORMATION.—The population and employment 
of the different towns, villages, and hamlets, contained within the 
limits of the sketch. Agricultural and other produce; commerce; 
means of transport ; subsistence for men and horses, &c.: with a 
variety of minute but important details, for which the reader is 
referred to the excellent essay on this subject, in the fourth 
volume of the “ Mémorial Topographique et Militaire,” to the 
“Aide Mémoire des Officiers du Génie,’ Macauley’s “ Field 
Fortification,” “Hand-Book for Field Service,” “The Soldier's 
Pocket-Book,” &c. | 

THE DEGREE OF AccuRACY of which a sketch of this nature is 
susceptible depends upon the time that can be allowed, and the 
‘means that may be at hand. If a good map of the country can 
be procured (which is generally the case), the positions of several 
conspicuous points, such as churches, mills, &c., can be taken 
from it and laid down on the required scale, and, if the ground to 
be sketched is extensive, transferred to several sheets of paper to 
be filled in simultaneously by any requisite number of officers ; 
‘or a base may be roughly measured, paced, or otherwise obtained 
by a micrometer or from some known distance, such as that 
between milestones for instance, and angles taken with a sextant 
or other instrument from its extremities to different well- 
defined objects, forming the commencement of a tolerably accurate 
species of triangulation which may be laid down by the protractor 
without calculation, within which the detail can be sketched 
more rapidly and with far more certainty than without such 
assistance. No directions that can possibly be given will render 
an officer expert at this most necessary branch of his profession, as 
practice alone can give him an eye capable of generalising the 
minute features of the ground, and catching their true military 
character, or the power of delineating them with ease, rapidity, 
and correctness. 

THE INSTRUMENTS used in sketching ground have already been 
alluded to when describing the mode of filling in the detail 
between measured lines on a regular survey. In addition,to the 
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advantages there ascribed to the azimuth compass, it will be 
found peculiarly well adapted for sketching on a continuous line, 
such as the course of a road or river, or a line of coast, which 
reflecting instruments are not; and the angles with the magnetic 
meridian, measured by the compass, can be read off with quite as 
much accuracy as they can be laid down by the small protractor 
used in the field. This should have a scale of 6, 4, or 3 inches 
to one mile (or whatever other proportion may be preferred) 
engraved on the other bevelled side, and with a sketching port- 
folio and compass, together with a small sextant and field 
' telescope with a micrometer scale in the diaphragm, comprise all 
the instruments that can be required by an officer employed on a 
reconnaissance ; and as they can always be carried without incon- 
venience about his person, or strapped in front of his saddle, he 
need never be driven to the necessity of sketching entirely without 
their assistance, though the practice of doing so occasionally is 
decidedly of service, as it teaches him to make use of his eyes 
and tends to make him a good judge both of linear and angular 
measurement.* The distinction between the magnetic and true 
meridian should be carefully marked on every sketch, the former 
by a fleur de lis, the latter by a star or asterisk. 

SCALE OF SHADE.—Sketching such parts of the interior detail 
as have a decidedly marked outline is comparatively easy, but the 
delineation of ground, so as to represent the various gentle slopes. 
of the hills and undulations and irregularities of the surface is far 
more difficult, and attempts have been made, both on the Continent 
and in this country, to establish recognised systems for expressing 
these features, which should give not merely a general idea of 
their character, but a mathematical representation of their various 
complicated inclinations; so that the angle of every slope might 
be evident from a mere inspection of the drawing, or measured 
from a scale, which would furnish data for constructing sections 


* A protractor (for want of a better) can be made by 
folding a square or rectangular piece of paper into ..——~< 
three, which, when doubled, divides the edge into six ; 
portions of fifteen degrees each ; these can be again di- | 
vided into three parts, by which angles of five degrees 
can be laid down, or even approximately observed, 
the intermediate degrees being judged by the eye. 
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of the ground in any required direction. This degree of perfection 
would of course be most desirable in military sketches as well 
as in finished topographical plans, but the labour and difficulty 
attending the execution will always. prevent its general application 
excepting in surveys of a national character, or of limited detached 
portions of ground. 

The two methods in general use for anal with a pen or 
pencil the slopes of the ground are known as the vertical and the 
hovwzontal. In the first of these the strokes of the pencil follow 
the course that a heavy body or ball would take in running down 
these slopes ; in the second (which is comparatively of late intro- 
duction) they represent horizontal lines traced round them, such 
as would be shown on the ground by water flooding the country 
at the different stages of its progressive altitude. This last is the 
mode now generally practised except in very hurried sketches, and 
it certainly produces a more correct representation of the general 
character and features of the ground than the vertical method.* 
Neither of them however when sketched merely by the eye 
between fixed points and measured lines aspires to the mathema- 
tical accuracy which is obtained by tracing with a theodolite or 
spirit level, horizontal contour lines at equi-distant vertical dis- 
tances over the surface of the ground, the method of doing which 
will be treated of in the chapter upon Levelling. Systems were 
introduced into Germany, by Major Lehman, for representing the 
slopes of the ground by a scale of shade consisting of a combina- 
tion of vertical and horizontal lines, and a system is now adopted in 
this country. The light in Major Lehman’s system, as is gene- 
rally the case in describing ground with a pen, is supposed to 
descend in vertical rays, and the illumination received by each 
slope is diminished in proportion to its divergence from the plane 
of the horizon. As vertical rays falling upon a plane inclined at 
an angle of 45° are reflected horizontally, this slope, which is 
considered the greatest that is ever required to be shown, is also 
considered the maximum in the scale of shade, and is represented 
by perfect black. A horizontal plane reflects all rays upwards, and 

* Specimens of both these styles of sketching hills are given. They are also to be 
found in Mr. Burr's ‘‘ Practical Surveying.” The vertical is best adapted to a 


military sketch if pressed for time, as however roughly it may be scratched down, a 
good general idea of the ground is conveyed. 
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is, therefore, represented at the other end of the scale by perfect 
white; and the intermediate degrees being divided into nine parts, 
show the proportion of black in the lines to the white spaces 
intervening between them for every 5°; which at 5° is 1 to 8; at 
10°, 2 to 7; at 15°, 3 to 6, &. Figure 1 will explain the con- 
struction of this scale, and the thickness of the strokes drawn on 
this principle must be copied till the hand becomes habituated to 
their formation. In sketching ground the inclinations must be 
measured, or estimated if the eye is experienced enough to be 
trusted, and are to be represented by lines of a proportional 
thickness, To this system is to be objected its extreme difficulty 
of execution, as well as that of estimating correctly by the eye the 
angle intended to be represented by the thickness of the lines; 
though Mr. Siborn, who published a work in 1822 on “ Topogra- 
phical Plan Drawing” founded on this system of Major Lehman’s, 
considers that between 10° and 35° of altitude the slope may be 
read by mere inspection within 1°, more accurately indeed than it 
can possibly be measured on the ground by a clinometer, or any 
portable contrivance of the sort. In Mr. Sibern’s work contour 
lines are recommended to be drawn merely as a guide for the 
vertical strokes; but the system of tracing these horizontal lines 
at fixed vertical intervals, and drawing between the contours 
vertical -strokes, without any réference to their thickness but 
merely their direction, presents a far more easy mode of expressing 
correctly the actual surface of the ground, and infinitely more 
intelligible to those who have to make use of the plan. Indeed, if 
the contour lines are traced at short vertical distances, either fixed 
or varying according to the nature of the ground, there is no 
occasion for the vertical strokes whatever, as these always cut 
the horizontal lines at right angles: this was the method recom- 
mended, wherever the ground was required to be shown very 
accurately, by the committee of French officers of engineers, 
appointed, in conjunction with some of the most scientific men of 
that period, to establish one general system of topographical plan 
drawing. The combined method of vertical lines and horizontal 
contours, at one fixed difference of level, is described in the German 
work alluded to, and also in Sir J. C. Smyth’s “Topographical 
Memoir.” From the vertical distance being a constant quantity, 
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the angle formed by the slope of the ground is obtained by taking 
the length of the vertical line between any two of the contours in 
a pair of compasses, and applying it to a scale constructed upon 
a simple principle self-evident from the figure. Above 45 the 
base, or “normal,” becomes too short to be appreciable if it has 


Sere 


been constructed to suit moderate inclinations of the ground, 
and if on account of steep declivities the normal is increased in 
length, it becomes quite unmanageable on gently-inclined surfaces. 

By way of obviating this difficulty, and also making the same 
scale of normals still universally applicable, the vertical distance, 
where required from the bold nature of particular slopes, is doubled 
or tripled, and these normals distinguished from others of the same 
length by being represented with thicker double or triple lines. 
This contrivance, the invention of Colonel Van Gorkum, is most 
highly extolled by Sir J.C. Smyth in his “ Topographical Memoir,” 
in which he strongly recommends the adoption in the British 
service of some part of the detail of this method of sketching 
ground, and proposes to omit the horizontal contours, but to take 
the angles of depression of the hills in sketching and to represent 
their slopes, not over the whole plan, but occasionally on ground 
of the most importance, by normals of the proper length corre- 
sponding to such a vertical distance as may be judged best suited 
to the scale employed. On a scale of 4 inches to 1 mile, Colonel 
Van Gorkum fixes his perpendicular at 24 feet: Sir J. C. Smyth, 
in the memoir alluded to, has tabulated what he considers best 
adapted to the four scales in most general use, making it at 
6 inches to 1 mile 22 feet; at 4 inches 32 feet; at 2 inches 
66 feet; and at 1 inch 132 feet. At 13°, in all these cases he 
doubles the perpendicular, and at 50° triples it. With all defer- 
ence to such authority, it is conceived that honzontal contour 
lines, traced at short known and generally equal vertical distances 
over the ground, afford ample data for the construction of sections 
in any required directions even more accurate than a model of the 
features of =the ground. The delineation of ground on the 
Ordnance Survey has been partially effected on this. system. 
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The contours are traced with a spirit level or theodolite at 
different vertical intervals suited to the character of the surface, 
but averaging about 100 feet ; these are interpolated with inter- 
mediate contour lines traced with a water level as being more 
For the 


expeditious, at the constant vertical distance of 25 feet. 


method of tracing these in- 
strumental contour lines, see 
the chapter on Levelling, to 
which this subject more par- 
ticularly belongs. 

During the last few years 
there has been much discus- 
sion on the subject of a scale 


of shade, resulting in the — 


adoption by the Council of 
Military Education of General 
Scott’s scale, somewhat modi- 
fied, for plans of 6 inches to 
the mile and upwards. | 

The horizontal system is also 
now used in preference to the 
vertical for plans of 4 inches 
to the mile and upwards, as 
more rapidly executed and 
more faithfully representing 
the nature of the ground. 

A copy of the reverse of the 
protractor (with Scott’s scale), 
as manufactured by Messrs. 
Elliott, for use in the field, is 
given on this page; it is also a 
clinometer. 

In Scott’s SCALE the depth 
of shade and thickness of stroke 
were obtained by careful com- 
parison of the best examples 
obtainable of «hill sketching 
produced on the Ordnance 
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Survey and at the several military schools, and therefore there is 
no reason but that a sketch made with its aid may be artistic 
as well as intelligible. 

The scale is not carried higher than 35°, that slope being 
considered the limit for all mancuvring purposes, anything 
steeper would be left to the skill of the draftsman. The many 
and great advantages resulting from the adoption of one scale 
of shade throughout the army are obvious, the disadvantages are 
more apparent than real, having reference to the chance of 
cramping the artist’s free touch; it is, however, to be recognised 
that General Scott and others who laboured in the same field only 
look upon the adoption of a scale as another step onwards, there 
is still much to be accomplished. 


ScaLE OF SHADE—Table* showing number of strokes per ich, 


and their thickness, 

Inclination. No. of strokes per inch. Thickness of stroke. 
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GEOLOGICAL FEATURES.—For representing the features of the 
country in a topographical plan, on a moderate scale, where the 
surface of the ground is not required to be determined with mathe- 
matical precision, the horizontal system of sketching the hills 
alluded to in page 44, is sufficiently accurate, and has the advan- 
tage of being generally intelligible. In addition to the sketch of 
the ground, a representation of the geological features of the 
country can be given without at all interfering with or confusing 
the sketch, by tracing on the back of the paper the divisions of 
the geological features, the different portions of which are after- 
wards coloured according to the conventional system of distin- 
guishing the several various formations on geological maps, On 


* Obtained from Sandhurst. 
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holding the sketch against the light these divisions appear clearly 
visible, though in any other position of the paper they are not in 
the least perceptible. Geological sections should also be shown on 
the margin of the sketch, having reference to lines drawn across 
it.* 

The inclination of such slopes as are of peculiar moment are 
measured with at “Clinometer,” and 
the angles wnmitten either on the 
slopes themselves or as_ references. 
This little instrument can be made 
by cutting a small quadrant out of 
pasteboard and roughly graduating the 
arc. A small shot, suspended by a 
piece of silk formsthe plummet: and 
-Independently of its use in measuring vertical angles, it is of 
great assistance in tracing level lines in sketching the contours. 
The instrument sold under this name is made with a spirit 
level; but the substitute as described above answers the purpose 
equally well, and moreover, fromm its being made merely of paste- 
board, fits into the pocket of the sketching portfolio. 

The slopes most necessary to note on a military sketch are those 
which relate to the facilities of ascent for artillery, cavalry, and 
infantry. According to the “ Aide Mémoire,” a slope of about 

60°, or of 4 to 7, is inaccessible for infantry. 

45°, or of 1 to 1, difficult. 

30°, about 7 to 4, inaccessible for cavalry. 

15°, ,, 4 to 1, inaccessible for wheel carriages, 

5°,» 12 to 1, easy for carriages. 

The leading features of ground are the summit ridges of hills 
(termed the water-shed lines), and the lowest parts of the valleys 
down which the rain finds its way to the nearest rivers or pools, 
called water-course lines. These two directing lines, if traced with 
care, will alone give some idea of the surface of the country, and 
will assist materially in sketching the hills, particularly if drawn 





* The geological part of the Ordnance Survey is now quite distinct from the 


geodesical. 
+ Sketching protractors are now generally furnished with plummets, and act as 


clinometers. 
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on the horizontal system, as the contour lines always cut the 
ridges and all lines of greatest inclination at right angles, It is 
a very common error in first beginning to sketch ground to regard 
hills as isolated features as they often appear to the eye. Obser- 
vation and a slight practical knowledge of geology, inevitably 
produce more enlarged ideas respecting their combinations, and 
analogy soon points out where to expect the existence of fords, 
springs, defiles, and other important features incidental to peculiar 
formations. Thus appearances that at one time presented nothing 
but confusion and irregularity, will, as the eye becomes more 
experienced, be recognised as the results of general and known 
laws of nature. 

OUTLINE SKETCHES.—The representation of the outline of the 
hills, and their relative command, is also materially assisted in a 
topographical plan, and move particularly in a military recon- 
narssance, by a few outline sketches taken from spots where the 
best general views can be obtained. A series of these topographical 
sketches running along the length of a range of hills, and a few 
taken perpendicular to this direction, supply in some degree the 
place of longitudinal and transverse sections; and give in addition 
to the information communicated by a mere section, a general idea 
of the nature of the surrounding country.* 

TELEMETERS.—A good judgment of distances is indispensable in 
sketching ground, for filling up the interior of a survey, and more 
particularly in a reconnaissance, where. there has not been either 
time or means for measurement or triangulation. Practising for a 
few days will enable an officer to estimate with tolerable accuracy 
the length and average quickness of his ordinary pace, as also that 
of his horse (as on a rapid reconnaissance he must necessarily be 
mounted) ; and the habit of judging distances, which can after- 
wards be verified, will tend to correct his eye.t A micrometnical 


* A brush and a few water-colours will be found very useful in rendering the 
various parts of a topographical sketch more intelligible, and save much time and 
labour. Water—woods—buildings (whether stone, or brick, or of wood), can be 
shown much more clearly and rapidly with a brush than the pen. 

+ Dr. Brewster's micrometrical teiescope is fully described in the second volume of 
Pearson’s Astronomy, and more portable instruments upon nearly the same principle 
have since been contrived, the best known of which are Cavello’s and Rochon’s 
micrometers. The latter consists of a telescope with a double refracting prism 
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scale, or cross wires in his field telescope, with a table of distances 
corresponding to the angle subtended by some distant object, is 


attached to a moveable slide working between the object-glass and eye-piece, having 
a graduated scale with a vernier on the outside of the tube, showing the observed 
angle and the ratio of the corresponding distance to some assumed distant base, such 
as the height of a man, or any other object the dimensions of which are supposed to 
be known. This scale is graduated to half minutes, and each of these divisions can 
be decimally divided by the vernier, but a table is required for all the intermediate 
divisions, showing the number of times the omer base must be multiplied to 
obtain the distance. 

If the distance is known, the height of any object can be ascertained by reversing 
the process. If the height of the object and the distance arc both unknown, an 
approximate result can be obtained, if the object, say a column of men or a ship, is 
advancing or receding, by making two observations, separated by some convenient 
interval of time, and estimating the distanco the object has moved in a direct line to 
the observer within that period, or by moving in a direct line to a stationary object 
any measured distance, and observing the two angles subtended by it. 

A still more portable instrument for measuring distances, by observing by a prism 
micrometer the angle subtended by a distant object (Mr. Porro’s Longue vue 
Napoleon III.) has been introduced into the French service, and if its results 
could be relied upon for great distances, its extreme portability, and the facility with 
which it is used, would leave little to be desired in an instrument based upon this 
principle, but beyond 500 yards the distances often vary considerably from the truth, 
and as it is only constructed for a range of about 1000, it evidently, even if perfectly 
accurate, would not meet the requirements of the service in the present day when 
such extreme ranges are obtained both by infantry and artillery. 

All the above instruments have moreover, from their principle, a source of error 
which (excepting where the object observed has been measured) no accuracy of 
construction can remedy, viz.: that the distance sought to be obtained depends upon 
the correct estimation of the dimensions of a distant object, and an error of only six 
inches in the estimated height of five feet will produce in the result a difference of 
100 yards in a distance of 1000. To obviate the probability of inaccuracy in assuming 
the dimensions of any distant base, Professor Piazzi Smyth invented an instrument 
upon a directly opposite principle, viz., that it was to carry its own base, and that 
the angle measured should not be that subtended at the station of the observer by a 
distant uncertain object, but the actual angular measure of the base attached to the 
telescope at the distance at which that object was situated. 

This instrumental base, at right angles to the telescope, has two mirrors or prisms 
at its extremities, one of which is in the line of the axis of the telescope, through 
which the object (a poind) is seen by direct vision through the unsilvered portion of* 
the mirror. The same object is reflected from tho other mirror, and the coincidence, 
or the amount of separation of the two images, furnishes the means of ascertaining 
the required distance. 

To effect this, the index mirror may be made to turn through the necessary angle ; 
or it may be kept at one fixed angle, and the coincidence effected by sliding it along 
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also a very useful auxiliary. The gradual blending of colours, 
and the well-known rate at which sound has been ascertained to 
travel,* will all materially assist him. According to the “ Aide 
Mémoire,” the windows of a large house can generally be counted 
at the distance of 3 miles; men and horses can just be perceived 
as points at about 2200 yards; a horse is clearly distinguishable 
at 1300 yards; the movements of a man at 850 yards; a man’s 
head clearly visible at 400 yards; and partially so between that 
distance and 700 yards. 


the base ; or both mirrors may remain fixed, and the angle measured by the amount 
of separation of the two images as shown by a wire micrometer and finely divided 
scale, which latter arrangement has been found the most convenient. 

The length of this instrumental base is about two feet, and in a pamphlet by 
Col. Clerk, R.A., it is stated that its results can be depended upon to 1000 yards, 
and that, if the base were increased to five feet, up to 2000 yards, beyond which he 
conceives it would be necessary to measure a base upon the ground; and for the 
purpose of obtaining an instrument to be used with artillery for long ranges, he 
constructed a frame, to be used with a telescope, consisting of a mirror placed at an 
angle of 45°, with an index arm seven inches long, the indications of which are 
measured upon an arc graduated to ten seconds.—The telescope is fixed upon the 
distant object, and the angle subtended by a measured base of 100 yards at that 
point is obtained by the coincidence of the image reflected from the mirror with the 
vertical wire in the telescope, and measured by the graduated arc, the multiple of 
the base giving the actual distance obtained by inspection from tables constructed 
for the purpose. If the distance exceeds 4000 yards the base can be increased to 200 
yards, the multiple given by the tables being simply doubled. 

This instroment, and that previously described, though adapted to the use of 
artillery or coast batteries, are not applicable to general service in the field, as they 
both require steady level rests, and are not sufficiently portable ; and the want is still 
seriously felt of some description of instrument which shall combine accuracy in the 
estimation of long distances with facility of use and portability. 

* About 1100 feet in one second. A light breeze will increase or diminish this 
quantity 15 or 20 feet in a second, according as its direction is to or from the 
observer. In a galea considerable difference will arise from the effects of the wind. 
A common watch generally beats five times in one second. See ‘‘ Philosophical 
Transactions,” 1823. The number of pulsations of a man in health is about 75 per 
minute. Either of these expedients will serve as a sort of substitute for a seconds 
“watch. The velocity of sound is affected by the state of the atmosphere, indicated 
by the thermometer, hygrometer, and barometer ; according to Mr. Goldingham, 
75 th of an inch rise im the barometer diminishes the velocity about 9 feet per second. 
Mr. Baily rates the velocity of sound, at 32° Fahr., at 1090 feet per second, and 
directs the addition of 1 foot for every degree of increase of temperature above the 
freezing point. 
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These directions, however, cannot be considered as infallible, as 
the power of vision differs so materially ; but nothing can be more 
easy than for an officer to make a scale of this kind for himself. 

Another easy mode of judging distances is by marking on a 
scale or pencil held at some fixed distance from the eye, the 
apparent diameter or height at different measured distances of 
any objects the dimensions of which may be considered nearly 
constant; the average height of a man, a house of one or two 
stories, the diameter of a windmill, &c., will furnish suitable 
standards; and a short piece of string, with a knot to hold 
between the teeth, will serve to keep the pencil always at the 
proper distance. Suppose these scales to have been carefully 
marked for four or five of these objects, at the distance of 150, 
200, 300, &c., yards, they will evidently afford the means of 
obtaining an approximate distance; but even without this scale, 
if the pencil b be held up to the eye at any distance a, and the 


a 

height or diameter of any object 2 of known dimensions be 
observed, then the distance from this object is evidently “ ae = 

In RECONNOITRING THE OUTLINE OF A WORK which cannot be 
approached closely for the purpose of tracing parallels and deter- 
mining the positions of batteries, the best plan is to mark, if 
possible, the intersection of the prolongations of the faces and 
flanks of the line on which the distances are being paced or 
measured, instead of merely obtaining intersections of the salient 
and re-entering angles with a sextant. Soon after sunrise, or a 
little before sunset, are the best times for these observations, as 
lights and shades are then most strongly marked ; in the middle 
of the day it is often impossible to distinguish anything of the 
outline of a work of low profile, even at the distance of 200 or 300 
yards, 

If the perpendicular distance from the angle, or any other point 
of the face of a work, is required to be ascertained in the field, and 
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the line marked on the ground for the purpose of laying out a 
battery, it can be readily done by the following method :— 
Suppose in each of the figures below, A to be the point from 
which the distance is required on a line perpendicular to AB; 
measure any distance C D, in a direction nearly parallel to A B, 
and take the angles at C and D, formed by the line C D, and each 
of the points A and B; B being some marked object situated 
anywhere on the line of the work, probably a salient or re-enter- 
ing angle. From these data ascertain the values of A B, and the 
angle A B D, either by calculation or by any of the practical 
methods already described ; B E is then the secant of the angle 
A B D to radius A B, and the difference D E between this quantity 
(to be found by means of a table of secants), and the calculated 
distance B D being laid off either on the line DB from D towards 
B (as in fig. 1), or on the prolongation of this line (as in fig. 2), the 
distance A E becomes the tangent of the same angle also to the 


Fig. 1. Fig. 2. 





radius A B; and the distance required for the battery can therefore 
be laid off on the ground by increasing or diminishing the length 
of this line A E. 

The direction of the capital of a work, and the distance from its 
salient, can be thus determined in the field. 

On any line OQ, mark two points, O and P, in the prolongation 


PP rrprrrrrarmr a pr 
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of the faces, B S’, A S’, the distance between them being measured, 
or paced. Take any other point R, one hundred paces or any 
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convenient distance from P in the line O P produced, and make 
the angle P R T equal to that observed at O; T being in the pro- 
longation of AS P. The triangles O S P and RT P are therefore 
similar, and the angle T being bisected by the line T V, it results 
that R P:PV::P0O:PX; which distance, laid down on the 
line P O, gives the point X required in the prolongation of the 
capital. The sides of the small triangle T P R and T V being all 
capable of measurements, OS, S P, and S X can, if required, be all 
found by a similar simple proportion.* 

It is, however, generally practicable to obtain a plan of any 
attacked works and of its environs, more or less correct; and on 
this any perceptible errors discovered during the reconnaissance 
ure marked. On approaching a place by day, the officer should 
be alone, so as to attract little attention, but supported at a dis- 
tance by troops hid from observation by any cover that can be 
taken advantage of. By night he should be accompanied by a 
strong party; and by advancing as near as possible towards day- 
break, and retiring gradually, he would be enabled to make more 
correct observations as to the outline and state of repair of the 
works than at any other time. 

* With a pocket or prismatic compass this operation may be more easily per- 
formed—by taking up a position on the prolongation of each face, and observing 
their inclination to the magnetic meridian, that of the line bisecting the salient, or 
the capital of the work, is at once known ; for the mean between the two readings 
will be the bearing of the salient when the observer is upon the capital; and by 


measuring a base in a convenient situation, the distance may be readily found. 
M 
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BALLOON RECONNAISSANCES.—1. When the balloon is free. 
2. When it is captive. 

When free, the balloon makes a voyage, the direction and length 
of which is entirely uncertain, and it is therefore practically use- 
less for the sake of reconnaissance, even if it were possible to com- 
municate to head-quarters the desultory information which may 
have been obtained on the way. As it may, however, be necessary 
at any moment to set free a captive balloon, proper precautions 
must be taken with this in view, and it is desirable that an expe- 
rienced aéronaut should always accompany the officer who recon- 
noitres, With reference to free balloons, it is merely necessary to 
mention that those used in the late siege of Paris were of 2,000 
cubic yards content, and valued at £200 each; they were con- 
structed to hold three persons; about sixty were sent up from 
Paris, of which eight completely failed. No attempts appear to 
have been made to re-enter Paris by balloon; at any rate, none 
succeeded, 

When captive, the balloon may enable most important infor- 
mation to be afforded to the Commander-in-Chief of an army, 
although on the other hand very little advantage may be 
experienced from its use. 

The fact, however, of a balloon having been found of little 
service in a particular campaign does not go against it, any more 
than the same fact would militate against the use of a pontoon 
train, or any other special service; it is quite sufficient to know 
that the want of information with regard to the doings of an enemy 
may seal the fate of an army, however well it may be organised, 
other than in the intelligence department; and that “the balloon 
affords means to an army of carrying with it a lofty point of 
observation.” 

That the balloon will enable important information at times to 
be obtained must be conceded; the only point is with regard to 
the extent and value of this information under ordinary circum- 
stances throughout a campaign. 

Opinions differ considerably upon this point. Captain Beaumont, 
after the experiment at Aldershot, in 1863, was of opinion that, 
with a properly constructed apparatus, (captive) balloon recon- 
naissances might be made in a wind moving at any rate up to 
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twenty miles per hour; but there is no doubt that the difficulties 
which arise when the wind is in motion are very considerable. 

At the experiment above mentioned, use was made of one of 
Mr. Coxwell’s ordinary balloons inflated with coal-gas from. the 
gasworks at Aldershot. After inflation, the balloon was carried to 
Thorn Hill, about 300 yards from the gasworks, where the ascents 
were made. Three guy ropes were used, one of which was passed 
through a snatch-block fixed to the ground; the elevation of the 
balloon varied from 1,200 to 1,000 feet, and it took fifteen minutes 
to lower it to the ground. It made about ten ascents, and was 
upwards of an hour and a half hovering over the camp. The day 
was remarkably still. 

The practical results with regard to the range of vision were 
very satisfactory. At the elevation of 1,000 feet, the Hog’s Back, 
which bounds the horizon from Thorn Hill, existed no longer as a 
boundary, its slopes on the further side even being visible, and an 
horizon at ten miles’ distance was obtained in all directions, within 
the circumference of which no large movements of troops could 
take place without being visible. 

It has been suggested that panoramic views or plans might be 
obtained by means of photography, and M. Nadar has succeeded in 
obtaining photographic views. It is, however, to be recollected 
that the undulations of the surface of the ground do not show from 
a balloon. | 

If ascents by night are made, especially in a wooded country, 
the fires will indicate the enemy’s position, and an allowance of 
ten men to each fire will enable his numbers to be roughly. 
estimated. 

During an action, the balloon may be made of considerable 
service; an officer seated therein in telegraphic communication 
with the general commanding may keep him acquainted with any 
flank movements of the enemy, and the position of his reserves. 

Lieut.-Col. Baron Elner, of the Austrian Imperial Engineer Staff, 
gives the following necessary conditions, which have been somewhat 
abbreviated :— 

1. The balloon to be ready to make the ascent soon after the 
order is received. A delay of a day, or even half a day, would 


cause its services to be of little use. 
u 2 
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2. The ascent should not be prevented by a wind of average 
force (about 1 lb. a square foot). <A free ascent is therefore out of 
the question. 

3. An average height of about 600 feet may be considered as the 
proper altitude. 

4. An experienced aéronaut to accompany the officer. 

5. The balloon should be in telegraphic communication with 
the ground. 

6. Ascents should be practicable at any given spot, and as often 
as required. 

The Austrians appear to have decided on the Montgolfiére 

(smoke balloons) ; but the Americans appear to have been in favour 
of the Charliéres, which are gas inflated. The rapidity of the 
means of inflation of the former (twenty minutes) is very much in 
its favour, but the high specific gravity of the gas renders it ob- 
jectionable. Hot air has been suggested as a substitute for smoke 
of straw, wool, &c. In the employment of the Charliéres, the 
hydrogen is obtained either by the use of sulphuric acid upon zinc 
or iron, or else by passing steam over red-hot charcoal or iron 
turnings. 
’ THE NUMEROUS CONVENTIONAL SIGNS recommended in most 
continental military works are extremely puzzling, difficult to 
remember, and are mostly unintelligible. In a little work, the 
“ Arde-Mémoire Portatif,’ published in 1834, there are no less 
than ten pages devoted to these signs. Beyond the few that are 
absolutely necessary and generally understood, it is far better to 
-trust to references written on the face of the sketch, and the ex- 
planatory report, than by endeavouring to convey so much infor- 
mation by these conventional symbols and attempts at mathema- 
tical representations of the ground, to render a drawing 80 confused 
and difficult to comprehend that it really becomes of less value 
than an indifferent sketch with copious and clear remarks. 
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Below are given a few conventional signs, applicable only to 
military sketches. 


*¢e_ Artillery Position. Telegraph. 


Cavalry ) Dark line shows aq,7- Post-house. 
—== Infantry s the front. 777% Mortar Battery. 


o— Sentinel. 74717) Gun Battery. 
} ¢— Fort. SS Site of an Engagement. 
(L1}— Redoubt. © ~~ Passable. 
tittittitt- Palisades. -+--- Impassable for Cavalry. 
EERO Chevaux de Frise. =#=- Impassable for Infantry 


semen? Abatis. 


CHAPTER X. 


COLONIAL SURVEYING. 


THE preceding chapters will, it is believed, be found to contain 
all necessary information connected with the survey of any tract 
of country, whatever degree of accuracy or detail may be required ; 
but in a newly-established colony, or one only partially settled, 
the primary object in view in commencing an undertaking of this 
nature is not the same as in that of a thickly peopled and 
cultivated country. In the latter case, the surveyor aims at 
obtaining, by the most approved methods consistent with the time 
and means at his disposal, data for the formation of a territorial 
map showing the position and extent of all roads, towns, 
provinces, counties; and where the scale is large, parishes, and 
even the boundaries of property and cultivated or waste land, as 
well as the features of the surface of the ground, and all natural 
and artificial divisions, together with the collection of a variety of 
other useful geological and statistical information. In a new 
country only the natural lines and features exist ;—the rest has all 
to be created. 

The first operations then required in a perfectly new settlement, 
are, the division into sections of such size as may be considered 
best adapted to the want of settlers, of the land upon which they 
are to be located; and the marking out the plan of the first town 
or towns, the sizes and positions of which will of course be 
regulated by local circumstances and advantages ; whilst the first 
rural sections will naturally be required either in their immediate 
vicinity, or contiguous to the main lines of communication leading 
to the different portions of the province whose local importance is 
the earliest developed. 

In the case of a small settlement established upon the coast of 
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any country for the immediate reception of settlers who require 
to be put in possession directly upon their arrival of a certain 
stipulated amount of land for agricultural or other purposes, the 
simplest form of survey must necessarily be adopted; that de- 
scribed in the late Col. Dawson’s Report upon the Survey of New 
Zealand, for instance, which consists simply in marking methodi- 
cally upon the ground the angles of a continued series of square 
or rectangular figures, leaving even the roads which are intended 
to surround each block of sections to be laid off at some future 
period;—would answer the purpose of putting impatient emigrants 
in possession of a homestead containing about the number of 
acres to which they might be entitled. But this system could not 
be carried out extensively with any degree of accuracy even in a 
comparatively level country, and not at all in a mountainous or 
irregular one. In fact, it is not a survey; and though perhaps 
it may sometimes be necessary to adopt what Mr. F. Wakefield, 
in his pamphlet upon Colonial Surveying, terms this “ make- 
shift process,’* the sooner a regular survey takes its place 
the better for the colony, even on the score of the ultimate 
saving that would be effected by getting rid of the necessity of 
incessant alterations and corrections; to say nothing of the 
amount of litigation laid up in store by persevering in a system 
necessarily entailing an incorrect division of property, upon 
which there is no check during the progress of the survey, and 
for which there is no remedy afterwards. 

Excepting in some isolated instances such as described above, 
where everything is required to give way to the imperative 
necessity of at once locating the first settlers upon land for which 
payment has been received (for by the present system of colo- 
nization no land is alienated from the Crown otherwise than by 
purchase, the greater portion of the proceeds of the sale being 
devoted to the purpose of further emigration), the first step to 
be undertaken at the commencement of the survey of a new 
country, is a careful and laborious exploration within the limits 


* For an explanation of the details of this species of surveying, see Mr. Kingston's 
Statements, page 33, Third Report of the South Australian Commissioners, 1838 ; 
and Col. Dawson’s Report on the Survey of New Zealand, 1840. 
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over which its operations are to extend; during which would be 
collected for subsequent use a vast amount of practical. informa- 
tion as to the number and physical condition of the aboriginal 
natives (if any) ; the geological character of the soil; its resources 
of all kinds; sources and directions of rivers; inland lakes and 
springs; the probable sites of secondary towns; the most 
apparent, practicable, and necessary main lines of communi- 
cation ; prominent sites for trigonometrical stations, &c., &e. <A 
sketch of the country examined, rough and inaccurate doubtless, 
but still sufficient for future guidance, is at the same time 
obtained ; the positions of many of the most important points for 
reference being determined by astronomical observation, and the 
altitudes of some of them by the mountain-barometer or aneroid, 
or by the temperature of boiling water, by methods already 
explained. 

The next step should be (if this question has not ean already 
determined by strongly-marked local advantages, or previous 
settlement) the position of the site of the first principal township 
a nucleus being immediately required where fresh arrivals may be 
concentrated prior to their dispersion over the country. The 
size * and figure of the town will of course vary according to 
circumstances; and the principal general requirements that 
should suggest themselves to any one charged with a decision of 
this nature are,—facilities of drainage ; plentiful supply of good 
water ; easy access both to the interior of the country and, if not 
situated on the coast, to the adjacent port; the apparent salu- 
brity of the site; facility of procuring timber and other building 
materials, such as sand, lime, brick-earth, stone, &c.; security 
from predatory attacks, and vicinity to sufficient tracts of land 
suited to agricultural and pastoral purposes. 

The site of the town, with its figure and extent, being decided 
upon after a careful investigation of the above and a variety of 
other minor considerations, the best main lines of road diverging 


* The size of the lots into which the township is to be divided may vary from a 
quarter of an acre to one acre ; half an acre would be found generally sufficient. It 
is customary to give to the jirst purchasers of rural sections one town lot in addition 
for every such section, the remaining lots to be sold either oy auction or at some 
fixed price. 
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from it in all the palpably-required directions should be marked 
out, and upon these main lines should abut the sections to be 
first laid out for selection. Errors of judgment will doubtless be 
subsequently found to have been made in the directions of some 
of these roads; but this is certainly productive of less injury to 
the colony than the plan of systematically marking out the land 
without providing for any main lines of communication at all, 
leaving them to be afterwards forced through private property 
under the authority of separate acts of the colonial legislature; a 
system entailing discontent, litigation, delay, and expense. The 
marked natural features of the ‘ground, such as the lines of the- 
coast, or the banks of lakes or rivers of sufficient importance to 
constitute the division of property, and the main lines of roads 
alluded to, will, where practicable, guide the disposition of the 
lines forming the boundaries of the sections to be now marked 
out. Where no such natural or artificial frontages exist, the best 
directions in which these rectangular figures can be laid out are 
perhaps those of the cardinal lines, excepting in cases where the 
nature, inclination, and general form of the ground evidently 
point out the advantage of a deviation from this rule. 

The size of these sections is a question to be determined by 
that of the minimum average number of acres which it is sup- 
posed is best adapted to the means and wants of the settler; the 
latter being in a great measure regulated by the apparent capa- 
bilities of the soil. Land divided into very large farms is placed 
beyond the reach of settlers of moderate capital; and if subdivided 
into very small portions, the expense of the survey is enormously 
increased, and labourers are tempted to become at once pro- 
prietors of land, very much to their own real disadvantage, as well 
as that of the colony. In South Australia 80 acres has been 
adopted as the average content. In parts of New Zealand * and 
elsewhere, 100 acres. In Canada,t+ generally more than double 


* In the Canterbury Settlement, on the Middle Island, New Zealand, 50 acres has 
been fixed as the minimum size ; the maximum is unlimited ; as in South Australia ; 
no reservation is made of coal and other minerals; the purchaser being put in posses- 
sion of all that is on and under the surface. | 

+ The rude and inaccurate mode in which land has been marked out in Canada by 
the chain and compass, and the little value that has been set upon waste land which 
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that quantity. Whatever size may be determined upon, it is 
advisable to adhere to as nearly as possible, in all general cases ; 
though where special application is made for rather larger blocks, 
there has been found no mischief in departing from the average 
size, provided this deviation is not so extreme as to prevent fair 
competition for any peculiarly valuable locality. In such cases, it 
is however always necessary to guard particularly against the 
monopoly of surface water within the area of the section, or of 
any extended valuable frontage; as well as against any impedi- 
ment that might be placed in the way of forming roads through 
the property. Where the main lines of communication have not 
been previously laid out, it is requisite, especially in large blocks 
of land, to reserve to the government, at all events for a limited 
number of years, a mght of forming such roads as are evidently 
for the public benefit, making of course compensation for any 
damage that may be thereby done, though this can generally be 
met by a previous allowance of a certain number of acres in 
excess of the proper content of the block.* Indeed, if proper 
precautions could be taken to prevent its being abused, it would 
be advisable to reserve this power of waking such general roads 
as are clearly advantageous to the community through all sections 
of land of whatever size; with the nght of taking stone and 
timber for making and repairing these roads and the bridges 
erected along their line, though all such interference with private 
rights should as much as possible be obviated by previous careful 
examination of the country. 

The rapid settlement of a newly-formed colony being an object 
always to be fostered, the sections marked out for sale should be 
so arranged as to conduce as much as possible to this desidera- 
tum ; to attain which end the surveys should, at all events at first, 
be kept well in advance of the demand for land, for the purpose of 
‘giving the most ample choice of selection to intended purchasers. 
By the opposite system of selling land in advance of the survey, 


used to be alicnated from the Crown in grants of extensive size, renders the survey of 
that country not a fair point of comparison with that of more modern colonies. 

* Two orthree per cent., upon the average, is proved amply sufficient in small 
or moderate-sized sections. In very large blocks, one per cent. would perhaps be 
as much as could be required. 
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an unfortunate emigrant not unfrequently finds the greater part of 
his section occupied by the bed of a salt lagoon or swamp, and 
experiences no slight dismay in discovering that he is not even in 
possession of the number of acres for which he has paid, and to 
which perhaps he has no access with any sort of wheeled vehicle, 
in consequence of the occupation roads being marked down upon 
the ground to correspond with straight lines previously drawn 
upon paper; so that they lead, without any controlling power in 
the surveyor to alter their course, up and down almost inacces- 
sible ravines, or probably for several hundred yards at a stretch 
along the bed of a stream. 

In marking out these sections, the following remarks* will 
direct attention to the different local peculiarities which require a 
deviation from established rules, and to the general system of con- 
ducting the work in the field; the mechanical practice of survey- 
ing being of course supposed to be already known. 

Sections laid out with frontages upon main lines of road, 
rivers, or wherever increased value is thereby conferred upon the 
land, should have their frontage reduced one-half, or even one- 
third of the depth of the section, so as to distribute this advantage 
among aS Many as can participate in it without rendering the 
different sections too elongated in figure to be advantageously 
cultivated as a farm. . 

In addition to this contraction of frontage, easy access by roads 
must be provided from the country in the rear leading to this water 
or main road ; without which precaution the owners of the front 
lots would, by blocking up the land behind them, virtually obtain 
possession of it, for at least pastoral purposes, without payment. 
These roads should occur at intervals proportioned to their 
requirement, generally between every third or fourth section. 

Every section should have an available road on one of the four 
sides forming its boundaries, by which the proprietor is secured 
access to the main lines of communication ; its breadth may vary 
from half a chain to one chain, according to circumstances; in 
square or rectangular sections of 80 or 100 acres each, roads 


* Partly extracted from the instructions issued to the surveyors employed in South 
Australia. 


172 COLONIAL SURVEYING. 


surrounding each block of six or eight sections have been found 
amply sufficient ; but in a country at all broken or irregular, some 
of the roads so laid out would often be found quite impracticable ; 
in such cases, it is necessary either to trace and mark: on the 
ground along the ridges of the secondary features, or wherever 
the ground may offer fewest impediments, cross roads leading 
into the main lines, and to lay off the sections fronting upon 
them ; or to make these by-roads run through the sections ; which 
is to be avoided as much as possible on account of their cutting 
up small properties, and entailing a very considerable expense in 
the increased quantity of fencing required. 

In parts of the country where water is scarce, the greatest care 
should be taken to prevent its monopoly by individuals. Springs 
and permanent water-holes should in such localities be enclosed 
within a small block of land (one or two acres), and reserved for 
the use of neighbouring flock-owners and the public generally ; 
and practicable roads must be arranged leading to these reserves, 
without which excellent and extensive tracts of land would often 
be comparatively valueless. 

As it would evidently very much increase the cost of laying 
out sections having broken and irregular frontages, if they were 
required each to contain exactly the same number of acres, the 
nearest approximation that can be made to the established size 
by the judgment of the surveyor should be adopted, and the 
section afterwards sold according to the quantity of land it is found 
to measure. 

For the purpose of giving to settlers seeking for land upon 
‘which to locate, every facility for acquiring information respecting 
its capabilities, and the positions of the different surveyed por- 
tions, the freest access to the statistical reports of the surveyors, 
and to the plans of the different districts deposited in the Survey 
Office, should be given. In addition to which, the sections them- 
selves should be marked so distinctly upon the ground by short 
pickets driven at intervals regulated by the comparative open and 
level character of the country, as to enable any person to follow 
up their boundary lines without difficulty. The angular pickets 
should be much larger, and squared at the head, on which the 
number of the section, and that of all the contiguous sections, 
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should be marked. Adjacent roads should also be designated 
by the letter R. Independent of the corners of sections being 
pointed out by these pickets, they should be deeply trenched with 
a small spade or pick, showing not only the angle formed by 
contiguous sections, but also the directions of their boundary lines. 


Such marks remain easily recognised for years, and Road 
are not injured either by bush fires or by the constant ~Px& 
passage of herds of cattle, by both of which means 
many of the wooden pickets are svon destroyed. 

It has been generally considered expedient that roads 190 ; 121 
should be reserved if not actually marked on the ground (except- 
ing in cases where they would interfere with the erection of 
wharves, mills, &c.), along the banks of all navigable rivers, the 
borders of lakes, and along the lines of a coast. This regulation, 
if stringently applied without reference to peculiar circumstances 
in different localities, would often be found oppressive and mis- 
chievous. Very frequently roads laid out with judgment,to the 
various points on the margins of these waters which are best 
adapted for the purposes of fisheries, watering flocks, establishment 
of ferries, building or launching boats, &c., with a sufficient space . 
reserved for the use of the public at these spots, would prove of 
more general utility. 

As a general rule, as many sections as possible should be laid 
out in the same locality, if the land is of a nature to be soon 
brought into cultivation. ‘Whilst greater choice of selection is 
thus given, the comparative cost per acre of the survey is dimi- 
nished ; of course this remark applies only to situations the rapid 
settlement of which is anticipated. 

In marking the boundaries of sections on the ground, all 
natural features crossed by the chain should be invariably noted 
in the field-book, on the outlines plotted from which are drawn 
the general character of the contours of the hills, the different 
lines proposed for roads, directions of native paths, wells, springs, 
and every other object tending to mark the nature and resources 
of the country. Copies of these plans* should always be trans- 





* Two inches to one mile is found a very convenient scale for plans of these sections, 
intended for the information of the public. 
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mitted to the principal Survey Office, accompanied by a rough 
diagram, showing, for future reference, the construction lines of 
the work, and the contents and length of the sides of all sections, 
also the measure of the angles when not right angles, and by an 
explanatory report describing the nature of the soil, description 
of timber, &c., upon each section, and the facilities for making 
and repairing roads and bridges, and peculiar geological forma- 
tions of the different districts. A collection of botanical and 
mineralogical specimens from all parts of the province will also 
contribute materially to the early development of its natural 
resources; and surveyors should not be deterred from giving 
their attention to this subject by ignorance of these sciences, as 
the specimens can be afterwards weeded and arranged, and afford 
invaluable statistical information. 

At the head Survey Office a meteorological register* is of 
course supposed to be kept. It is also very desirable thateach of 
the surveyors employed in any large district should be furnished 
with a good thermometer, rain gauge, and a mountain barometer 
or aneroid, for the purpose of registering daily observations to be 
forwarded periodically to the general office for comparison with 
those obtained from different parts of the province, between which 
the difference of peculiarities of climate will be thus arrived at. 

Surveyors working on a line of coast should be particular in 
noting all phenomena connected with the rise and fall of the 
tides, and in obtaining soundings, laid down with reference to 
established and easily-recognised marks on shore, of all creeks 
and harbours, whenever this may be in their power. The depths 
and velocities of all rivers should also be noted at different points 
in their course, as well as the periods of floods, and their observed 
influence upon the volume of water in the river. 

In laying out sections up narrow rocky ravines, or in situations 
where creeks or any other natural features present obstacles to 
the continuance of the methodical rectangular form adopted as 
the standard figure, a deviation from this form becomes of course 
necessary, and the contents of some of the sections thus often 
unavoidably differ from the established average. Care should 


* A simple form adapted for this is given at the end of the Astronomical Tables. 
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however be taken in such cases to make the outline of these 
irregular figures as simple as the ground will admit of, both on 
account of the additional trouble and time lost in their survey, 
and the increased cost of subsequent fencing by the purchaser. 

Attention has already been drawn in page 171 to the necessity 
of guarding against the monopoly of road or water frontage. The 
same sort of precaution is also required in marking out land in 
rich narrow valleys, or in spots valuable on account of minerals. 
As a general rule, from which no deviation whatever should be 
allowed, it may be laid down that no section should ever be per- 
mitted to enclose an undue proportion of land, unusually valuable 
from whatever cause, by extending its length wm the direction in 
which that valuable potion of land runs; whether it be a rich 
agricultural valley, a mineral lode, a stream, or watercourse. 

As regards the actual marking out of the sections upon the 
ground when the figure is of a square or rectangular form, the 
process is a very simple one, whether the true meridian, or the 
direct line of some main road, or a line forming any angle with 
the meridian that may be found better adapted to the local peculi- 
arities of the district, be adopted as the guiding line of direction. 

A spot being fixed upon for the starting point, represented by 
A in the accompanying figure,* the normal line AB is carefully 
marked out by a good theodolite in the re- 
quired direction ; if intended to correspond, 
or to form any fixed angle with the meri- 
dian, this must be determined by one of 
the methods explained in the next chapter. 
The right angle B AC is then set off, 
which angle should be observed on both 
sides of A B (produced on purpose to D), 
and the chain measurement along these 
lines AB and AC, and afterwards along 
the parallels to AC, may, if two parties 
are employed together which can generally be managed under the 





* This figure represents rectangular sections of 80 acres, as laid out in South 
Australia, the length of which bore to their breadth the proportion of 2 to 1—eccupa- 
tion roads one mile apart, enclosing eight sections. They were, however, frequently 
laid ont square, according to the nature of the ground. 
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charge of one efficient surveyor with an intelligent assistant, be 
carried on simultaneously, the points of junction at the angles 
of the blocks forming in some measure checks upon the accuracy 
of the work as it proceeds. The size of these sections, and the 
intervals between the parallel sectional roads, will depend of 
course upon local regulations. The operation would evidently be 
simplified by running all the measured lines in the middle of these 
roads, leaving half their breadth to be afterwards set off on each 
side by the proprietors of the land, but the palpable objections to 
this are too serious to be compensated by the trifling saving 
thereby effected. In fact, the real boundaries of no one section 
would by this plan be marked on the ground by the surveyor ; 
and constant disputes and encroachments would be the conse- 
quence of adopting it. 

It must be obvious to every practical surveyor, that it would be 
impossible for him to continue this mechanical system of marking 
a series of rectangular figures on the ground to any great extent 
without being liable to constantly increasing errors, which could 
not be guarded against by any degree of care in the operation, 
and of the amount of which he could never be aware without 
establishing some check altogether independent of the chain 
measurement of the sections themselves, and this is only to be 
accomplished by combining with it a triangulation of the country, 
more or less accurate according to the nature of the survey. 
Whilst, then, this methodical division of the land is in progress, it 
is advisable, if anything like accuracy is required, and if the 
detached portions of settled country are to be laid down upon a 
general map, that the sites of the trigonometrical stations should 
be decided upon, and the stations themselves (however roughly they 
may be constructed) erected, in order that they may throughout 
be made use of as guides and checks upon the measurements. 
The triangulation indeed would be found of the greatest service, if 
carried on rather in advance of the detail, as in the survey of old 
countries. Any great accumulation of error could be then easily 
guarded against, by the angles observed at different parts of the 
chain survey, subtended by three or more of the trigonometrical 
stations, and in very many instances these stations could be 
actually measured up to, which should be done wherever practi- 
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cable ; by which means the marking out of the sections answers 
the same purpose that is obtained in ordinary surveys by the 
measurement of check lines, and traversing along the roads by 
which the interior detail is mostly filled in. Angles of depression 
and elevation should also be taken to these trigonometrical points 
(whose altitudes are all obtained by the triangulation), from 
various parts of the chain survey, the heights of which positions 
above the level of the sea are thus obtained with tolerable 
accuracy. 

As to the mode of conducting this triangulation, all necessary 
instructions have already been given in the third chapter. The 
degree of accuracy with which the base is measured, and the 
angles observed, will depend evidently upon various contingencies; 
for instance—the extent over which the triangulation is to- be 
carried, the time and expense that can be bestowed upon it, the 
degree of minutiz required in the maps, &c., &c. On the survey 
of South Australia the base was measured upon a nearly level 
plain very little elevated above the sea, with a standard chain, 
the operation being repeated several times to obtain a more 
correct mean value: the angles were observed with a very 
excellent 7-inch theodolite, and the result was found sufficiently 
accurate for the purpose of connecting all the detached blocks of 
surveyed land, and laying down the work to the scale of 2 inches 
to 1 mile. 

In addition to the above use of the triangulation, it is found, in 
the survey of a wild country, peculiarly serviceable in enabling 
the Government to define, with the aid of marked natural features, 
the boundaries of the extensive tracts of land leased to different 
individuals for pasturage, until, with the increase of population 
and civilisation, more convenient and bctter-defined demarcafions 
are substituted. Some of the principal natural landmarks of a 
country also, such as chains of mountains and rivers, traverse the 
wildest parts of the land, where chain surveying would never 
penetrate. Many of these landmarks are made the boundaries 
of counties, and other internal territorial divisions; and their 
positions in different parts of their course are often only to be 
determined by reference to the trigonometrical stations, which 


likewise serve as guides for ascertaining and laying down upon 
N 
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paper the directions of roads through extensive, barren, and 
uninhabited tracts of country. 

Most of the foregoing remarks have been made under the 
supposition that a number of detached surveying parties are 
distributed over different parts of the country, all working under 
the directions of, and reporting to, a central Survey Establish- 
ment. As the population becomes distributed over a wider 
extent, and applications are constantly made for the survey of 
small irregular blocks of land to complete and consolidate pro- 
perties, some alterations will be required in the method of carrying 
on the measurement of land to meet these new demands.* It 
could evidently be only by an increased expenditure of time and 
money that surveying parties could be kept constantly moving from 
one distant spot to another, to lay out, perhaps, only a very limited 
number of acres at each; and the division of the country into 
Districts for the purposes of the survey, becomes almost impe- 
rative. Copies of the plans of sections open for selection, and 
other information of a similar character, would be thus placed 
more within reach of distant settlers, and their wants could more 
readily and rapidly be met without augmented expense. 

Portions of the work might also at this advanced stage of 
progress be filled in by contract, subject to careful and nigid 
examination ; the triangulation, and the previous chain measure- 
ment connected with it, affording sufficient checks for this 
purpose ; without which, surveying by contract should be most 
carefully avoided, especially in new communities where but little 
competition can be expected, and where it would be unreasonable 
to expect to find competent surveyors distributed over the remote 
parts of the colony. 

The rate of progress and cost per acre of a sectional survey 
such as has been described, must vary considerably, according to 


* These subsequent wants and demands do not affect the first stage of the survey 
in a new country ; it is only as it becomes gradually settled that they are felt. The 
first survey evidently cannot be a complete one, unless it could embrace every acre of 
land that might by possibility be required ; it is constantly demanding extension in 
every direction, therefore the more imperatively necessary is it, that the first land 
surveyed and laid down on the maps should be based up&h a triangulation sufficiently 
accurate to allow of this extension, without the certainty of accumulating error. 
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the nature of the country, the prices of labour and provisions, 
and the minuteness of the divisions. If the size of the sections is 
small, 80 or 100 acres for instance, the number of lineal miles 
to be measured is of course very much greater in proportion than 
would be the case with blocks of a larger area, and the progress 
must bear an inverse ratio to the increaséd expense. The facility 
of transport is another item that materially influences both these 
questions, as also the system of marking out patches of land in 
whatever locality they may be applied for, instead of carrying 
the survey regularly forward, embracing all the available land in 
its progress. On an average the division of the land in South 
Australia into sections containing generally about 80 acres each, 
costs * including the marking out of the roads surrounding the 
different blocks to which each section had access as well as all 
other roads through the settled districts, the close picketing of 
the boundary lines of each section, and marking and trenching 
the corner posts ; with all other details relative to the survey of 
such portions of the natural features of the ground as came 
within the limits of the chain survey, from 3d. to 4d. per acre; 
and each party, consisting of a non-commissioned officer of 
Sappers, with four or five labourers, according to the difficulties 
of the country, marked out on an average perhaps about 30,000 + 
acres per annum; a very large proportion of their time, parti- 
cularly towards the close of the work, being occupied in moving 
from one distant part of the colony to another to meet the varying 
demands for land. ° 

The triangulation of the settled parts of the province, and in 
some directions far beyond this, did not amount to 4d. per acre; 
including, as did also the average of the sectional survey, all 
expenses of transport of men, provisions, and camp equipage, 
with the wear and tear of the latter, and that of the necessary 
instruments ; in fact, all expenses excepting those connected with 
the central establishment, where the plans were drawn and ex- 


* This average has no reference to the first settlement of the province in 1838 ; it 
applies more particularly to the period between the years 1842 and 1848 inclusive. 

+ Occasionally, under favourable circumstances, ¢hrce times this average was pro- 
duced for limited periods, 
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hibited, and where the preliminary business of the land sales 
was conducted. 

Even had this cost been doubled or increased in a still greater 
proportion, it would have been false economy to have shrunk from 
it, and have put the settlers in possession, or rather to have allowed 
them to take possession, of land the boundaries and contents of 
which could not have been relied upon or subsequently verified. 
The expense of the surveys in all new colonies is now defrayed out 
of the proceeds of the sales of land; and proof of the recognition 
of the advantages of the accurate delineation of the boundaries of 
property, features of the ground, and main lines of roads, &c., is 
given by the system adopted by the New Zealand Association in 
the establishment of the “ Canterbury Settlement,” of charging for 
all land the uniform price of 3l. per acre * (instead of the 1l. fixed 
as the lowest upset price in the other Australian colonies where 
the plan of selling land by auction is in force), to provide funds for 
a superior nature of survey, and a variety of works of a public 
character; the proportions being 10s. per acre as the price of 
the waste land, 10s. per acre for thg cost of the surveys, formation 
of roads, and other miscellaneous expenditure ; 20s. per acre to be 
devoted to the purposes of emigration; and another 20s. per acre 
to ecclesiastical and educational purposes. 

The boundaries of what in the Australian colonies are termed 
“ Runs,” for depasturing sheep and cattle, are not generally 
marked out during the survey, but are described by reference to 
the trigonometrical stations or other known fixed points, the 
approximate distances and bearings of the lines being stated. As 
portions of this land are at all times liable to be purchased by 
individuals, after a due stipulated notice to the occupier of the 
run, who pays yearly a trifling sum for his licence, it would of 
course be a waste of labour to mark out such temporary divisions ; 
but the settlers themselves very frequently define their respective 

* Formerly land used to be sold in South Australia at the uniform fixed price of 17. 
per acre. The system of selling by auction was introduced by the Australian Waste 
Lands Act, in the year 1843. There are various opinions as to the comparative merits 
of these opposite systems, the first of which was introduced by Mr. E.G. Wakefield ; 


and its advantages are strongly set forth in the pamphlet upon Colonial Surveying 
published by his brother, Mr. F. Wakefield. 
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hmits, either by blazing the trees in a wooded country, or by 
running a plough line across it in an open one. 

As regards the interior division of a colony into Counties, &c., 
the following general regulations, established many years since, 
are still in use :-— 

Counties are to contain, as nearly as may be, 1600 square miles ; 
hundreds, 100 square miles; and parishes, 25 square miles. 

Natural divisions, such as rivers, streams, highlands, &c., to con- 
stitute as much as possible these boundaries; and for the purpose 
of obtaining a well-defined natural boundary, a smaller or greater 
quantity than the above averages is permitted; but not to exceed 
or fall short of such established areas by more than one-third of 
each. 

Reserves are allowed to be made for all necessary public roads 
and other internal communications, either by land or water; also 
for the sites of towns, villages, school-houses, churches, and other 
purposes of public utility and convenience. 

When the division between Provinces or Counties, or other lines 
of territorial demarcation, is represented, either altogether or in 
part, by a meridian line, or by a line having any fixed angle with 
the meridian, or by a portion of the arc of a parallel (as is the case 
in many of the Australian provinces) ; it is of course necessary to 
be able to determine and mark upon the ground with accuracy 
such meridian or parallel, directions for which are given in the 
last chapter on Practical Astronomy. Most useful practical infor- 
mation upon this subject will also be found in the narrative of the 
survey, and marking of the boundary between the British posses- 
sions in North America and the United States of America, in 1842, 
published by Major Robmson, Royal Engineers, in the second and 
third volumes of the “Corps Papers.” 

Operations of this nature, if conducted with the very great care 
and precision that were bestowed upon the boundary alluded to, 
involve the perfect knowledge of the manner of using and adjust- 
ing the transit, and altitude and azimuth instruments; and also 
the management of chronometers, The boundary line between 
South Australia and what now constitutes the province of Victoria 
(the 141st degree of east longitude) was however determined (and 
since marked on the ground for a considerable distance), under the 
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New South Wales Government by one of their -surveyors,* with 
only a sextant, a pocket chronometer, and a small 3}-inch theodo- 
lite; but though the work was performed with the greatest care 
and attention, and with probably as great a degree of accuracy as 
could be obtained with these imperfect instruments, the result can 
of course only be looked upon as an approximation far too vague 
' for the determination of a division of importance. The North 
American boundary, on the other hand, may perhaps have been 
defined with more precision than was absolutely necessary in a line 
of demarcation running for its whole length through a wild un- 
cleared country. 


EXPLORING EXPEDITIONS. 


Having now gone through the method of dividing the land into 
minute sections for occupation, and its further division for terri- 
torial purposes, this chapter will conclude with a short reference 
to the objects to be held in view in conducting exploring expedi- 
tions beyond the bounds of the settled districts for the purpose of 
adding to the geographical knowledge of the country and develop- 
Ing its resources; which objects are very similar in character to 
those described in page 168, when treating of the preliminary 
operations of a survey in a newly formed colony. 

The nature of the country to be traversed will, as far as this is 
known, indicate the method of travelling that must of necessity be 
adopted. Extensive inland water communication, as in the 
Canadas, points to the canoe as the readiest mode of transport ; 
comparatively open and generally grassy land, as in Australia and 
Southern Africa, requires the use of horses and oxen; whilst in 
many other countries the thick underwood can, in parts, be 
traversed only on foot; and barren deserts by the aid of camels. 
These different modes of locomotion evidently all require different 
preliminary arrangements. The objects in view, however, are 
much the same in all cases;+ viz., a knowledge of the climate, 
soil, native population, geological formation, botanical character, 
of the country, and its resources of all kinds; as well as the deli- 

* Mr. Tyers. 


+ Expeditions for one single definite object, such as tracing the sources of a river, 
&c., are not intended to be here referred to. 
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neation (as perfect as the time and means that are available will 
admit) of the natural features of the ground. 

All points known as portions of the settled country being soon 
left behind, the explorer has to trust to his own judgment as to 
the best directions in which to conduct his party; to his own 
energy in overcoming the natural obstacles that he will be certain 
to encounter; and his own practical skill in fixing at proper 
intervals his different positions by means of astronomical observa- 
tions, and mastering rapidly the general massive features of the 
ground for the purpose of making a rough sketch of the country - 
passed over, showing more particularly the directions of the 
principal ranges of hills, and of rivers and watercourses. | 

In a large party these labours may often be subdivided advan- 
tageously ; but the leader must remember that the entire respon- 
sibility still rests with him ; and if he does not actually participate 
In every portion of the work, he must nevertheless exert a general 
influence over the whole. 

As regards the fixing, with as much accuracy as may be attain- 
able, the various positions of encampments, the directions and 
sources of rivers, and all marked prominent features, much as- 
sistance is to be obtained by carrying on, as far as it can be done, 
a species of rough triangulation (with a sextant or other portable 
instrument) from the extreme trigonometrical stations, or from any 
prominent landmarks the positions of which are known and repre- 
sented on the plans. This may however very soon become imprac- 
ticable from the nature of the country or other causes, and the 
traveller then finds himself much in the same predicament as at 
sea, having little beyond his dead reckoning to trust to for the 
delineation on paper of his day’s work. In this position he must 
look to the heavens for his guide; and hence the necessity for his 
becoming himself, or having with him, a good and rapid observer. 

At sea, the latitude is always obtained at noon by a meridian 
altitude of the sun* (when visible) ; “sights,” as they term obser- 
vations of single altitude for time, having been taken three or four 
hours before. The latitude obtained at noon is then reduced by 


* For the method of calculating the latitude from a meridian altitude, see Chapter 
XII. 
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dead reckoning to what it would have been at the time and place 
of the morning observation (using the traverse table), and with 
this deduced latitude the hour angle is computed,* and the 
equation of time plus or minus applied for the mean local time ; 
which, when compared with the Greenwich time, shown by the 
chronometer (allowing for its rate and error), gives the longitude 
east or west of Greenwich at the time of the morning observation. 

By applying, by dead reckoning, the change in longitude 
between that time and noon, the longitude of the ship at noon is 
obtained,—the latitude has already been found by direct observa- 
tion,—and the two determinations afford the means of recording 
upon the chart the position of the ship at noon on that day. 

Somewhat similar to the above proceeding must be that of the 
explorer in a wild unknown tract of country. He would not 
probably find it convenient always to obtain his latitude at noon ; 
but he can generally do so (and more correctly) at night* by the 
meridian altitude of one or more of the stars of the first or second 
magnitude, whose right ascension and declination are given in the 
Nautical Almanac. His local time can, immediately before or 
after, be ascertained by a single altitude of any other star out of 
the meridian (the nearer to the prime vertical the better) ; and if 
he carries a pocket chronometer upon which any dependence can 
be placed, he has thus the means, by comparison with his local 
time, of obtaining his approximate longitude, and of laying down 
his position upon paper. 

In travelling, the rate of the chronometer will probably be found 
to vary, and as frequent halts of two or three days are likely to 
occur, these opportunities should never be lost of ascertaining the 
change of rate. The longitude should also be obtained occasion- 
ally by lunar observations on both sides of the meridian ; or by 
some of the other methods given in the last chapter. 

The results deduced from such observations must not be relied 
upon within eight or ten miles, but a careful observer should 
rarely exceed these limits; and his latitude* ought always to be 
within half a mile, or under the most unfavourable circumstances, 
one mile of the truth. See page 227 for further remarks on this 
subject. 

* See Chapter XII. on Practical Astronomy. 
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With these all-important data, enabling him to fix with 
approximate accuracy point after point® in his onward course, the 
explorer can have no difficulty in interpolating by angles taken 
with a sextant or with an azimuth compass, all strongly-marked 
prominent features, or in laying down his route upon paper 
correctly enough for the purposes of identifying particular spots, 
and giving a faithful general representation of the features of the 
ground he has travelled over. The value of this sketch will be 
much enhanced by its having recorded on it, as nearly as they can 
be ascertained by the mountain barometer or aneroid,t+ or by the 
temperature at which water is found to boil,{ the altitudes of the 
most important positions, as the summits of hills, the levels of 
plains, and sources of springs and rivers. 

Daily meteorological observations, even of the most simple 
character, such as merely recording the readings of the thermo- 
meter and barometer at stated times, will also prove of essential 
service as illustrative of the climate; and these will be of 
additional value if accompanied by a record of the quantity of rain 
fallen on different days should any portion of the party be 
stationary for sufficient length of time at any one spot to make 
these observations. If not provided with a rain gauge of a better 
description, a tin pipe with a large funnel, the area of the top of 
which bears a certain proportion to that of the tube, will 
answer perfectly to measure the quantity of water fallen. 

A light graduated wooden rod is fixed in a cork float, and 
indicates, above the level of the top of the funnel, the 
number of inches ;—the graduations of the rod of course 

being proportioned to the ratio between the areas of the 

surface of the funnel and that of the tube. Thus, if the pro- 
portion is ten to one, the measuring rod will be lifted 10 inches for 
every inch of rain. 


* The distances between positions, the latitudes and longitudes of which have been 
determined, can be easily calculated in the manner described in the next Chapter; by 
which means they can be laid down with more accuracy, if the extent of ground 
travelled over is not very great. 

+ See Chapter XII. + See page 128. 


CHAPTER XI. 


GEODESICAL OPERATIONS CONNECTED WITH A TRIGONOMETRICAL 
SURVEY. 


In the words of Sir J. Herschel, “ Astronomical Geography has 
for its objects the exact knowledge of the form and dimensions of 
the earth, the parts of its surface occupied by sea and land, and 
the configuration of the surface of the latter regarded as pro- 
tuberant above the ocean, and broken into the various forms of 
mountain, table land, and valley.” 

THE FORM OF THE EARTH is popularly considered as a sphere, 
but extensive geodesical operations prove its true figure to be that 
of an oblate spheroid, flattened at the poles, or protuberant at the 
equator ; the polar axis being about 53, part shorter than the 
equatorial diameter.* This result is arrived at by the measure- 
ment of arcs of the meridian in different latitudes, by which it is 
ascertained beyond the possibility of doubt, that the length of a 


* The exact determination of arcs of the meridian measured in France, and also the 
comparison of the three portions into which the arc of the meridian between Clifton 
and Dunnose was divided, presenting the same anomaly of the degrees appearing to 
diminish as they approach the pole, are opposed to the figure of the earth being 
exactly a homogeneous or oblate ellipsoid; but its approximation to that figure is so 
close that calculations based upon it are not affected by the supposed slight differ- 
ence. The proximity of the extreme stations to mountainous districts was supposed 
to have been partly the cause of this discrepancy, as the attraction of high land, by 
affecting the plummet of the Zenith Sector, might have vitiated the observations for 
the difference of latitude between two stations. A survey was undertaken by Dr. 
Mnaskeylene solely to establish the truth of this supposition, the account of which is 
published in the ‘‘ Philosophical Transactions” for 1775. A distance of upwards of 
4000 feet was accurately measured between two stations, one on the north and the 
other on the south side of a mountain in Perthshire. The difference of latitude 
between these extremities of the measured distance was, from a number of most 
careful observations, determined to be 54"°6. Geodesically this arc ought to have been 
only 42°-9, showing an error of 11"°7 due to the deflection of the plummet. 
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- degree at the equator is the least that can be measured, and that 
this length increases as we advance towards the pole; whence the 
greater degree of curvature at the former, and the fluttening at 
the latter, is directly inferred. 

The equatorial diameter of the earth, as derived from the 
Ordnance Survey, is 7926°610 miles, the ellipticity is 35355. 

The mean specific gravity of the earth, as derived from the 
observations at Arthur’s Seat (vol. vi. R. E. Prof. Papers), is 5°316. 

By the Schehallean observations, as finally corrected by Hutton, 
the mean specific gravity is 28, or almost 5:0. 

From the experiments with balls are the following results :— 

By Cavendish, as corrected by Baily 5°448 
By Baily : © ww om @ O67 
By Reich ; ; ; : . D4 

From the pendulum experiment, at a great depth and on the 
surface, the Astronomer Royal obtained 6°566. 

Our “ diminutive measures” can only be applied to compara- 
tively small portions of the surface of the earth in succession ; 
but from thence we are enabled, by geometrical reasoning, to 
deduce the form and dimensions of the whole mass. 

There are two difficulties attending the measurement of any 
definite portion of the earth’s circumference (such as one degree, 
for instance*) in the direction of the meridian, independent of 
those caused by the distance along which it is to be carried: the 
first is, the necessity of an undeviating measurement in the true 
direction of a great circle ; and the second, the determination of 
the exact spot where the degree ends. 

The earth having on its surface no landmarks to guide us in 
such an undertaking, we must bave recourse to the heavens; and 
though by the aid of the starst we can ascertain when we have 
accomplished exactly a degree, it is far more convenient. to fix 

* More'than an entire degree (about 100 miles) was actually measured on the 
ground in Pennsylvania, by Messrs. Mason and Dixon, with wooden rectangular frames, 
20 feet long each, laid perfectly level, without any triangulation. Page10, ‘‘Discours 
Préliminaire, Base du Systeme Métrique,” and ‘‘ Philosophical Transactions” for 1768. 

+ The stars whose meridional altitudes are observed for the determination of the 
latitude should be selected among those passing through, or near, the zenith of the 


place of observation, that the results may be as free as possible from any uncertainty 
as to the amount of refraction. With proper care and a good instrument, the latitude 
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upon two stations as the termini of the arc to be measured, having 
as near as possible the same longitude, and to calculate the length 
of the arc of the meridian contained between their parallels from 
a series of triangles connected with a measured base, and extending 
along the direction of the arc. From the value thus obtained, 
compared with the difference between the latitudes of the two 
termini determined by a number of accurate astronomical observa- 
tions, can be ascertained of course the length of one degree in the 
required latitude. 

THE MEASUREMENT OF AN ARC OF THE MERIDIAN, OR OF 
A PARALLEL, is perhaps the most difficult and the most important 
of geodesical operations, and nothing beyond a brief popular de- 
scription of the modes of proceeding which have been adopted in 
this country, and elsewhere, can be here attempted. For the de- 
tails of the absolute measurement of the bases from which the 
elements of the triangles were deduced, as well as the various 
minute but necessary preliminary corrections, and the laborious 
analysis of the calculation by which the length of the arcs were 
determined from these data, reference must be made to the 
standard works descriptive of these operations. 

At the end of the second volume of the “ Account of the Opera- 
tions on the Trigonometrical Survey of England and Wales,” will 
be found all the details cqnnected with the measurement of an arc 
of the meridian, extending from Dunnose in the Isle of Wight, to 
Clifton in Yorkshire. The calculations are resumed at page 354 
of the third volume; the length of one degree of the arc resulting 
from which, in latitude 52° 30’ (about the centre of England), being 
equal to 365,091.7 feet.* | 

An arc of a parallel was also measured in the course of the 
trigonometrical survey between Beachy Head and Dunnose, in 
1794, but fault has been since found with the triangulation, and 
corrections have been applied to the longitudes deduced therefrom, 
which are alluded to in “The Chronometer Observations for the 


for so important a purpose ought to be determined within one second of space, unless 
local causes interfere to affect the result. 

* ‘ Loomis,” 1870, gives equatorial radius 20923599.98 English feet ; compres- 
sion of the earth 1--299.152818: degree of latitude at equator 362,748.33 feet ; 
degree of latitude at 45°, 364,571.77 feet. 
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Difference of the Longitudes of Dover and Falmouth,” by Dr. 
Tiarks, published in “The Phil. Trans, for 1824,” and in Mr. 
Airy’s paper “ On the Figure of the Earth.” 


FRENCH STANDARD OF WEIGHTS AND MEASURES. 


The arc measured by Messrs. Mechain and Delambre between 
the parallels of Dunkirk and Barcelona, described in detail in the 
“Base du Systéme Métrique Décimal,” had for its object (as the 
title of the work implies) not only the determination of the figure 
of the earth, but also that of some certain standard, which, being 
an aliquot part of a degree of the meridian in the mean latitude 
of 45°, might be for ever recognised by all nations as the unit of 
measurement. To have any idea of the labour and science devoted 
to this purpose, it is necessary to refer to the work itself, in which 
will be found the reasons for preferring a portion of the measure- 
ment of the surface of the globe involving only the consideration 
of space, to the length of a pendulum vibrating seconds having 
reference both to tume and space. In addition to the determina- . 
tion of this standard of linear measurement, which was denomi- 
nated the “metre,” and defined to be the ten-millionth part of a 
quarter of a great circle passing through the poles,* the Committee, 
consisting of all the most distinguished scientific men on the Con- 
tinent, agreed also upon a standard of weight derived from the 
same source. A cube, each side ;'; part of the metre, or a “déci- 
metre” (chosen on account of its convenient size), was supposed to 
be filled with distilled water of the temperature of ice just melting ; 
and the weight of the fluid constituted the “kilogramme.” This 

* The French Commissioners, however, having in their calculations employed 53, as 
their value of the earth’s compression, now known to be incorrect, the metre, strictly 
speaking, can no longer be so defined. The determination of the valuc of the English 
standard—the yard—has been recommended by the commissioners appointed in 1841 
for the restoration of the standards of weight and measures after the injury donc to 
the original standard by the burning of the House of Commons in which it was depo- 
sited, to be effected by joint reference to the three standards extant upon which most 
reliance can be placed; viz., those belonging to the Royal Socicty, the Royal Astro- 
nomical Society, and the Board of Ordnance, instead of having recourse to the 
standard previously established by Act of Parliament, of the length of a pendulum 
vibrating seconds at a fixed temperature in the latitude of London. Mr. Buily states 


this length at the level of the sea, in vacuo, at the temperature of 62° Fahr., by Sir 
G, Shuckburgh's scale, to be 39°1393 inches, 
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temperature was selected as being pointed out by nature, and in- 
dependent of any artificial gradations; and also as being the point 
at which the density of water is nearly a maximum, as it expands 
ammediately on solidifying, although down to about 40° it con- 
tinues gradually to condense. No other substance either liquid or 
solid combines so many recommendations; but the difficulty that 
arose was to construct a solid mass representing this weight of 
water which might be kept as a standard ; their method of over- 
coming this is explained at pp. 563, 626, and the following pages 
of the third volume. “Bodies of unequal specific gravities may 
weigh equally in one state of the atmosphere, but not so in one of 
either greater or less density, and a vacuum was therefore of neces- 
sity resorted to.” In the words of the Report (vol. i. p. 565), 
“Crest au poids du décimétre cube d’eau distillée, & sa plus grande 
densité, qu’on doit faire.égal le poids d’une masse solide donnée, 
tous les deux étant supposés dans le vide; voila & quoi se reduisait 
la question de la fixation de l'unité de poids.” In the end, cylin- 
ders of platinum and of brass were constructed, of precisely the 
same weight as the kilogramme of water, both weighed in a 
vacuum. These two, from the difference of their masses, evidently 
would not weigh alike in the air. A brass cylinder (of which 
several were made) was kept as a standard for public use; the 
platinum presented to the “ Institut,” to be deposited there as “le 
représentatif d’une masse d’eau prise & son maximum de condensa- 
tion, contenue dans le cube du décimétre, et pesée dans le vide.” 

During the progress of these operations, observations were made 
by Borda (whose repeating circles of 16 and 16} inches diameter 
were used in triangulation), on the length of a pendulum vibrating 
seconds at the level of the sea, in the latitude of 45°, at one deter- 
minate temperature. The length of this pendulum (of platina) 
was ascertained in millimétres, and was declared by the Committee 
to be so accurate, as to serve, in case of any accident happening to 
the standard, to construct again the unit of measurement without 
another reference to an arc of the meridian. 

The prolongation of the measurement of this arc from Bar- 
celona to Formentera, the most southerly of the Balearic Isles, and 
its connection with England and Scotland, was published in 1821 
by Messrs. Biot and Arago (under whom the operations were con- 
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ducted), in a work entitled ‘‘ Recueil des Observations Géodésiques, 
Astronomiques, et Physiques.” The whole arc measured amounted 
nearly to 12$°, and was crossed at about half its length by the 
mean parallel of 45°. 


PRINCIPAL MEASURED ARCS OF MERIDIAN. 


The following table, taken from Mr. Airy’s “Figure of the 
Earth,” published in the Encyclopedia Metropolitana,” shows the 
length of the principal arcs of meridian and parallel that have been 
measured in different latitudes :-— 


Latitude of | Amplitude of | Length in 


ahs OF aa Mid. Point. Are. Eng. ft. 
Peruvian Arc, calculated by Delambre.{ 1° 31’ 0"; 3° 7 81 | 1131057 
Maupertuis’ Swedish Arc . . -| 66 19 37 | O 57 30°74 | 351832 
French Arc, by Lacaille and Cassini .| 46 52 2| 8 20 0.8 | 3040605 
Roman Arc, by Boscovich. . 42 59 Oj} 2 9 47 787919 
gare s Are, near the Cape of Good 83 18 30/ 1 18 17° 445506 
ope . ‘ 
Asnatican Are, by Mason and Dixon .| 39 12 0] 1 28 45 538100 
French Arc, from Formentera to vee 44 561 2j|12 22 12°6 | 4509402 
Svanberg's Swedish Arc. 66 20 10; 1 37 19 593278 
En = Arc, from Dunnose to > Burleigh 52 35 451 8 57 18-1 | 1442953 
Lambton 'g first Indian, Are. 12 32 21); 1 34 56-4 574368 
Lambton's second Indian Are, as ex: ) : 
tended by Everest . 16 8 22/115 57 40:2 | 5794599 
Piedmontese Arc, by Plani and Carlini. | 44 57 80] 1 7 8141 414657 
Hanoverian Arc, by Gaufs. . . 52 32 17} 2 O 574 736426 
Russian Are, by Struve. . . . . .| 58 17 87 | 8 35 5-2 | 1309742 










Latitude. Extent in Length i in 


ARCS OF PARALLEL Longitude. Eng. ft. 


ee ee | 


Arc across the mouth of the Rhone, by 
- Lacaille and Cassini. . . 
General Roy’s Arc, between Beachy 
Head and Dunnose . . : 
Arc from Dover to Falmouth . go Yar oc 
Arc from Padua to Marennes . , 


43° 31’ 50"| 1° 58’ 19” 503022 


50 44 24, 1 26 47°9 336099 


50 44 24| 6 22 6 1474775 
45 48 12 )12 59 3°8 | 3816976 






The detailed accounts of the measurements of these arcs are to 
be found in the works of Puissant, Cassini, Biot, Arago, Borda; in 
Colonel Lambton’s papers in the “Philosophical Transactions” 
(1818 and 1828) ; and in the works of Captain Everest, published 
in 1839; and a popular description of the different methods 
adopted for the measurement of the bases, in each of these opera- 
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tions, is given in the paper “On the Figure of tbe Earth,” in the 
“Encyclopedia Metropolitana,” from which the foregoing table 
was extracted. 

The conclusion drawn by Professor Airy from the above measures 
is, that “the measured arcs may be represented nearly enough on 
the whole, by supposing the earth’s surface at the level of the sea, 
or at the level at which water communicating freely with the sea, 
would stand, to be an ellipsoid of revolution whose polar semi-axis 
is 20853810 English feet, or 3949°583 miles ;* and whose equatorial 
radius is 20923713 feet, or 3962°824 miles. The ratio of the axis 
is 298°33 to 299°33: and the ellipticity (measured by the quotient 
of the difference of the axis by the smaller is y5}.5,, or -003352. 
The meridional quadrant is 32811980 feet, and one minute= 
6076:2777 feet.” 

Mr. Baily assumes the proportion between the polar axis and 
the equatorial diameter to be as 304 to 305, whence the com- 
pression amounts to s45. 

The most general valuation of the compression is +35, and in 
the numerous tables of compression, given by Dr. Pearson in 
his invaluable work on Practical Astronomy, it varies from 31; 
to +45. 

Instructions for conducting the measurement of arcs of the 
meridian will be found in Francoeur, page 148, and also in 
Puissant’s ‘“ Géodésie,” vol. i. p. 242, and in the 12th chapter of 
Woodhouse’s “Trigonometry.” Below is given a popular account 
of the methods of procedure. 

The line A X in the figure annexed (jig. 1) represents a portion 
of an arc of the meridian on which it is required to measure the 
length of one degree. A and L are the two stations selected as 
the extreme points to be connected by a series of triangles A BC, 

* R. E. Prof. Papers, Vol. VII., Sir H. James states— 

Ist. The elements of the spheroid most nearly representing the surface of Great 
Britain are, 


Feet. Miles. 
Equatorial semi-diameter= 20926249 = 3963-305 | ompression = a 
Polar semi-diameter = 20856337 = 3950°064 299°38 


2nd. The elemeuts of the spheroid most nearly representing the whole of the mea- 


sured areas considered in his paper are, 
Equatorial semi-diameter = 20924933 = 3963 057 


Sion 
Polar semi-diameter = 20854731 = 3949-760 compression = 


29807 
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BCD, DCE, &c, running along the direction of the mendian 
which passes through A. The vertices of these triangles, particu- 
larly the station L, are purposely chosen as near as possible to this. 
meridian line ; and the distance from A to X, the intersection of a. 
perpendicular to the meridian drawn through L (the distance L X 

Fig. 1. Fig. 2. . 





< 


being short), or more correctly to X’, the point of intersection with 
this meridian of the parallel drawn through L becomes the distance 
to be attained by calculation. The length of A B, or of any other 
side, is first accurately determined with reference to some measured 
base, and the angles at the vertices of all the triangles observed 
with the most rigid accuracy; and after the necessary corrections 
for spherical excess have been made, with the reductions to the 
O 
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centre and to the horizon if required,* the sides of the triangles 
are calculated from these data, as if projected on the surface of the 
globe, at the mean level of the sea. The azimuths of all these sides 
also require to be known, that is, the angles they respectively 
make with the meridian, which can be calculated from C A X, 
or any other azimuth which has been observed, and the latitudes 
of the two extreme stations must be ascertained with all the 
minuteness of which the best instruments are capable t+ for 
comparison with the distance obtained by calculation between 
them. The first method that was adopted of ascertaining from 
these data the required length of A X, is termed that of oblique- 
angled triangles, described in Francceur’s “Géodésie,” p. 151 ; 
in “ Puissant,” vol. 1. p. 243; in the “Base du Systéme 
Métrique;” and in p. 277 of Woodhouse’s “ Trigonometry.” 
It consists in calculating the distances AM, MM’, &, on the 
meridian line between the intersections of the sides of these 
triangles, or their prolongations, as at N; their sum evidently 
gives the total length A X. 

The preliminary steps of the second method are the same ; but 
instead of finding the distances A M, M M’, &c., the perpendiculars 
to the meridian { Bb, Cc, Dd, are calculated (p. 246, Puissant’s 
“ Géodésie,” vol. 1.), the azimuths of all the sides being known ; 
and from thence are obtained the distances on the meridian 
Ab, Ac, cN, &c, and of course the total length AX. This 
method was introduced by M. Legendre, and has been partly 
adopted in the calculation of the arc measured between Dunkirk 
and Barcelona described in the “ Base du Systeme Métrique,” as 
also on that between Dunnose and Clifton, it being considered not 
only more expeditious, but also more correct. Another advantage 
of this method is (if all the triangles are intersected by the 
meridian), that by calculating the various portions of which the 
arc is composed from the right-angled triangle formed en each 
side of the meridian separately, one result serves as a check wpon 
the other. | 

* Franceeur's “* Géodésie,” p. 1382 ; Airy’s “Figure of the Earth,” p. 109. 

{| ¢t No less than 3900 observations were made for the determination of the latitude 
of Formentera. 


+ Perpendictlars to the meridian in a sphere cut the equator in two points diame- 
trically opposite, but not in an ellipsoid of revolution, or in an irregular spheroid. 
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A modification of this method is described in Puissant’s 
“‘Géodésie,” p. 248, which consists in constructing through the 
vertices of the triangles parallels both to the meridian A X and the 
perpendicular A Y, without taking any account of the spherical 
excess. The intersections of these lines form, with the sides of 
the triangles, right-angled triangles, of which those sides are the 
hypothenuses; and the azimuth of each being known, all the 
elements can be ascertained, as is evident by reference to fig. 2. 
In this manner the distances of several places from the perpendi- 
eular, and the meridian passing through the observatory of Paris, 
were calculated by Cassini. 

The third method (“ Puissant,” vol. i p. 316) of ascertaining 
the length of the are AX is by determining the geographical 
positions of the vertices of the triangles extending along the 
meridian, and calculating the difference of their parallels of 
latitude projected on the meridian, the sum of these being the 
measure of the arc. 

The measure of an arc of a parallel is calculated by a similar 
process, which is described at p. 819 of the same work. 

The methods of calculating geodesically the latitudes, longi- 
tudes, and azimuths of the different stations from one meridian 
with the rigid accuracy required in such operations as the measure- 
ment of an arc of the meridian or parallel, will be found fully 
explained in the 12th chapter of Woodhouse’s “ Trigonometry ;” 
in the 18th chapter of Puissant’s “ Géodésie ;” and in “ Francceur.” 
Their determination by astronomical observations will be treated 
of hereafter. 

On the supposition that the earth is a sphere, the calculations 
are resolved into the solution of spherical triangles. 

The accurate length of the arc on the surface of the earth 
between two very distant places whose latitude and longitude have 
been determined, is on account of the spheroidal figure of the 
globe a problem of great difficulty, and of no real practical utility ; 
—it is fully investigated in Puissant’s “ Géodésie,” vol. 1., p. 296.* 
Between stations however within the limits of triangulation, it is 
often useful to calculate the distance as a check upon the geode- 


* See also Franceeur’s ‘‘Géodésie,” p. 208. 
0 2 
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sical operations ; and in the length of an extended line of coast, or 
in a wild country, where triangulation may be, 
from local obstacles or want of means, quite im- 
possible, the solution of this problem is of great 
importance for the purpose of laying down upon: 
paper the positions of a certain number of fixed 
stations, between which the interior survey has 
0 y 0 be carried on; and it is, within such bounds, 
one of easy application, particularly in the latter 
case where the observations themselves are ge- 
nerally taken with portable instruments, and 
3 not with minute accuracy. 

In the accompanying figure, P is the pole of 
the earth (considered as a sphere), and S and S’ the two stations, 
whose latitude and longitude are determined ; the angle S PS’ is 
evidently measured by the difference of their longitude, and PS 
and PS’ are their respective latitudes ; the solution of the spherical 
triangle PSS’ then gives the length of the arc SS’. 

If it is possible, when observing at S and S’, to determine the 
azvmuths of these stations from each other, that is, the angles 
PSS and PS’S, a more accurate result will be obtained, as 
these angles can be determined with precision, whereas the angle 
P depends upon the correctness of the observations for longitude 
at each station, which with portable instruments is always at best 
but a close approximation ;* and the errors in the determination 
of each may lie in the same or in different directions. In geodesi- 
cal operations, if it be possible, the reciprocal azimuths of stations 
should always be observed, as well as the angles contained between 
them and other trigonometrical points. 

From these reciprocal azimuths, with the astronomical latitudes 
of each station, the difference of their longitudes, or the angle of 
Inclination of their meridians, is found by Dalby’s method of solu- 
tion which is applicable to spheroids. This mode of determining 
the difference of longitudes by observations of reciprocal azimuths 
was practised on the Ordnance Survey, and the analysis of the 


P 


* In cases where the difference of longitude between the two stations can be ascer- 
tained by means of signals, or by the interchange of chronometers, as explained in 
the next chapter, the measure of the angle P may be obtained with great accuracy. 
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theorem is given at length in p. 214 of Airy’s “ Figure of the 
Earth.” In the course of the investigation it is proved, that the 
spherical excess in a spheroidal triangle is equal to that in a 
spherical triangle whose vertices have the same astronomical lati- 
tudes and the same difference of longitude; from whence results 
the following simple rule— 


tan 4 diff. longitudes= et cere x cot $ sum of azimuthal angles, 


Generally, a small error in the latitudes produces no sensible 
error in the determination, but, in the azimuths accuracy is of 
vital importance ; when the latitudes are small, their correctness 
becomes of consequence, and the method is not therefore well 
adapted for stations near the equator. . 

The angle at the pole formed by the two meridians being thus 
obtained, the distance SS’ between the stations can be found 
nearly in the triangle PSS’; this are, however, must be converted 
into its corresponding value in distance on the surface of the 
earth ; and if its spheroidal figure be taken into account, the 
radius of curvature must be ascertained for the middle lati- 
tude 4 (U—l’. 

RADIUS OF CURVATURE. 


On the other hand, to obtain geodesically the latitudes, longi- 
tudes, and azimuths of stations from others whose positions on the 
surface of the globe have been determined by triangulation, it is 
necessary to be able to convert any measured or calculated dis- 
tances on the earth’s surface into arcs; for which purpose the 
radius of curvature of the arc in question is required, to obtain 
an accurate result. In a paper published by Mr. Galbraith, in the 
51st number of the “Edinburgh New Philosophical Journal,” 
tables are given to facilitate this preliminary computation, whether 
the arc be in the direction of a meridian, of a perpendicular to the 
meridian, or forming an oblique angle with it—as also those for the 
azimuths, latitudes and longitudes, and convergence of meridians. 

The formula given in the “Synopsis of Practical Philosophy ”’ 
for the radius of curvature at any point of the terrestrial meridian, 
supposing the earth to be an oblate spheroid, is as follows, a and 
b being the equatorial and polar semi-axes, / the latitude, c= 
(a—b) the compression :— 
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r= a — 2% + Be. sin Ql, 


= c = 8e 
or= a4 3 @ 008 91. 


_ At p. 192 of Mr. Airy’s “Figure of the Earth,” the following 
method is given for determining the radius of curvature :— 

“ The latitudes of the places 
P and Q, whether on the same 
meridian or not, are the com- 
plements of the angles p P s, 
qQs, respectively, which are 
included by the verticals at 
the places, and the lines drawn 
to the celestial pole. And if 
S be any star which can be 
observed at both places, the 
angle sPp=sPS-+S Pp, and 
8Qq=8sQS+S8Qq; consi- 
dering, therefore, the angles SQs,sPS as equal, the difference of 
latitudes is the same as the difference of SP p,SQq; that is, it 
is the same as the difference of the zenith distances of the same 
star at the two places, and can therefore be easily found. Now, 
if the places P and Q be on the same meridian, their verticals 
will intersect in some point D; and the difference of latitudes, 
which is the difference of sQ q and s P p, or (Pr being parallel to 
Q q) the difference of s P r and s Pp is equal tor Pp or QD P, 
the angles contained by the verticals. The length P Q being 
known from measurement, and the angle P D Q, or the difference 
of latitude, being found by observations of the zenith distances of a 
star, the length of P D or QD, or the radius of curvature, is found. 

“ Again, if T and V be two places 
on different meridians, and if 
planes be drawn through these 
places and through the axis, AC, af 
the earth, the angle made by these 
planes (or the difference of the longi- 
tudes) may be determined astronomi- 
cally. Now, instead of T we have a 
place ¢, whose latitude is the same as that of V; and if we draw 
VW, tW perpendicular to the axis, the angle between the 
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planes will be the same as the angle VWt. The distance Vf? 
being measured (or otherwise obtained), and the angle V W ¢, or 
the difference of longitude, being found, the length of V W, or 
t W, or the radius of a parallel, will be found. Lither of the 
measures will give this line, which will materially assist in 
determining the earth’s form and dimensions, but they: cannot 
easily be combined : the difference of latitude can be ascertained: 
with so much greater accuracy than the difference of longitude, 
that measures of the former kind have generally been relied 
upon.” | 

This subject is still further pursued in the work from which the. 
above extract has been made. 


CALCULATION OF AZIMUTHS. 


It may also be required to calculate with the greatest exactness 
the azimuths or true bearings of two distant stations from each 
other, the latitudes and difference of longitudes of these points 
having been determined by observation; as was the case in 
marking the North American boundary in 1845, when one line 
sixty-four miles in length was cut through the dense Canadian 
forest upon bearings from each of the extremities computed by 
the following directions and formule furnished by Mr. Airy. 

Convert the difference of longitude found in time into arc, 

From the latitudes of: the stations compute the following 
formule :— 

Tan $+ sum of spherical azimuths 

__ cos $ diff. colat. 
~ cos $ sum colat. 

Tan 4 difference spherical azimuths 

_ sine § diff. colat. 
= sie | sun colat 

The larger azimuth (at the place where the latitude is greatest) 

= $ sum azimuths + } diff. azimuths. 

The smaller 

= 4 sum azimuths — } diff. azimuths. 

These azimuths, found for a sphere, are thus corrected for the 
earth’s spheroidal form :— 

From the above spherical azimuth find the spherical amplitudes 


x cotan } difference longitudes. 


x cotan 34 difference longitudes. 
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by taking the difference between each of them and 90°; for each 
case find an angle, a, by the formula * 

Sea sine colatitude 

V75 

Then the ganeut of each of the true spheroidal amplitudes = 
cos @ X tangent spherical amplitude; the azimuths being 
obtained by applying to these 90°, additive or subtractive, 
according to the case. 

If, instead of determining astronomically and by the transmis- 
sion of chronometers the absolute latitudes and the difference of 
longitudes of these distant stations, they had been connected by 
a series of triangles, and that from this triangulation it was 
required to obtain the true bearings of each point from the other 
for the purpose of running a straight line between them, the 
following is the simple process :— 

Supposing A and B to be the two stations, connected as in the 
figure by a series of triangles ; assume one side as a standard, say 
A C; compute C E as in a plane triangle; from this compute 
CD, DE; from DE compute DF; from DF compute D B. 
With the two known sides AC and CD, and the angle ACD, 
eompute A D and the angle CD A; subtract this from the sum 


“en 


of the three angles CDE, EDF, and F DB, and you have the 
angle ADB; with this angle and the two sides, AD and DB, 
compute the angle DBA; this is the difference between the 
bearing of A from B, and that of D from B. The latter is known, 
or can be directly observed ; whence the former is deduced. 

In the same manner the azimuth of the line A B, or the bearing 
of B from A, can be ascertained. 

* The steps by which this formula is arrived at are shown at page 346 of the 


‘‘Corps Papers,’’ where also will be found examples of azimuths calculated by it on 
the survey of the boundary alluded to. 
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On the North American boundary the azimuths were laid off 
with an altitude and azimuth instrument, and the line prolonged 
with a portable transit by which the party sent on in front to take 
up the rough alignement for cutting a track through the dense 
forest were directed. A torch.of birch bark was moved to the 
right or left as required by concerted signals made from the 
transit, by flashing small quantities of gunpowder in an open pan, 
both the lighted torches and the flashes of gunpowder being 
visible for fur greater distances®* than were ever required. 

By daylight heliostats were used for keeping the advanced 
party in the right direction. 

The true bearings of the line of 64 miles in length were in 
this operation determined so accurately, that when the parties 
employed in marking it out from each extremity met about 
midway, the sum of their joint deviation from the true line was 
exactly 341 feet; equal, as Mr. Airy observes, to “only one- 
quarter of a second of time in the difference of the longitudes, or 
only one-third of the error which would have been committed if 
the spheroidal form of the earth had been neglected.” This slight 
error was corrected by running offsets at certain points along 
each line, proportioned of course to the distances from the 
extreme end. 

The distances between two places of a ship at sea are generally 
resolved by plane trigonometry; the difference of 
latitude S L, and the azimuth represented by the oy s 
angle S SL and termed the cowrse, forming a right- | , 


& 


C7 
angled triangle, in which S 8’, the nautical distance = we 
is determined; the other side S’ L, termed the depar- , Le 
ture, being the sum of all the meridional distances ue 


passed over. 

Again, in the triangle A BC: let A B repre- 
sent the meridian distance (or departure), and 
the angle BAC be equal to the latitude, then Y- 
A C, the hypothenuse, will be equal to athe 
difference of longitude. AB 


* Major Robinson states as much as 40 miles. See the narrative of his operations, 
2nd and 8rd Numbers of the Corps Papers. 
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Also, if DB represent the nautical distance, 
and CD the difference of latitudes, then B C D 
will be a right angle, and BC the departure, 
nearly equal to the meridian distance in the. 
middle latitude. Ifthen, in the triangle A BC 
the angle A BC be measured by that middle 
latitude, A B the hypothenuse will be nearly 
equal to the difference of longitude between 
D and B. 

For further information on this subject, no 
better work can be consulted than Riddle’s 
“ Navigation.” 

By the use of “Mercator’s Projection,” most of these questions 
can be solved without calculation. In this ingenious system the 
globe is conceived to be so projected on a plane that the 
meridians are all parallel lines, and the elementary parts of the 
meridians and parallels bear in all latitudes the same proportion 
to each other that they do upon the globe. The uses to which 
this species of projection can be applied, and the vast benefit its 
invention has proved to the navigator, will be evident by reference 
to any work on navigation. 

The latitude and longitude of any place being known, that of 
any other station within a short distance can 
be determined by plane trigonometry. Suppose 
the latitude and longitude of G for instance 

° to be known, from whence that of O, an adjacent 

station, is to be determined; the distance OG 
must be measured, or obtained by triangulation, 

7 * and the azimuth NOG observed; then the 

difference of longitude GL between the stations 

is the sine of the angle LOG to radius OG; 

: and O L, the difference of latitude, is the cosine 

to the same angle and radius. The following example will show 
the application of this simple method :— 

The distance of a station O’, 238 feet due south of the RI. 
Engr. Observatory at Chatham from Gillingham Church, was 
ascertained to be 75474 feet, and the angle S OG, the supple- 
ment of the azimuth, = 78° 55’ 55”; Gillingham Church being 
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- situated in 51° 23’ 24”12 north latitude, and 0° 33’ 49741 east 
longitude. | 
Then log cos 78° 55’ 55”—9-283243 





log 15474-—3'87 7796 

log 1448-9—3-161039 Diff. of lat. (north), in feet. 
And log sine 78° 55’ 55”—-9-991846 
log 7547-4—3'877796 

_ log 7407° —3°869642 Diff. of long. (west), in feet. 


The lengths of one second of latitude and longitude in latitude 
51° 23’ are— Latitude 102°02 feet. 
Longitude 63°41 feet. 








1448-9 +938 oo. a 

“T9909 | =16"53 Difference of latitude in are, 
7407 Poaas 
and 63-41 = L16"8=V’ 56"'8 Ditference of longitude in arc. 
Latitude. Longi ude. 

Gillingham Church N, 51° 23’ 24-12 E. 0° 33: 497-41 
Difference N. . . + 16 °53 W. l’ 568 
Observatory . . . 51° 23’ 40°65 0° 31’ 526 





VARIATION OF THE CompPass.—It is always necessary to ascer- 
tain the variation of the compass before plotting any survey, for 
the purpose of protracting such parts of the interior details as have 
been filled in by magnetic bearings, and also of marking the direc- 
tion of the magnetic meridian upon detached plans. The laws of 
this variation * are at present but little known; and itis only by 
accumulating a vast number of observations at different places, 
and at different periods, that the position of the magnetic poles 
and the annual variation and dip can be ascertained accurately. 

A meridian line being once marked on the ground, the bearing 
of this line by the compass is of course the variation east or west. 
It can be traced with an altitude and azimuth instrument, or even 
a good theodolite, by observing equal altitudes and azimuths of 


* There is also often a local variation due to proximity to magnetic rocks, which 
renders the compass observations worthless. 
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the sun, or a star, on different sides of the meridian. With the - 
latter object no correction whatever is required: the croes hairs 
are made to thread the star exactly (by following its motion with 
the tangent screws) two or three hours before its culmination ; the 
vertical arc is then clamped to this altitude, and the azimuth circle 
read off. On the star descending to the same altitude, at the same 
interval of time after its transit, it 1s again bisected by the cross 
hairs, and the mean between the two readings of the azimuth 
circle gives the direction of the true meridian, which being marked 
out on the ground, its bearing is then read with the compass. 

When the sun is the object observed, the altitude taken may 
be that of either the wpper or lower, and the azimuth that of the 
leading or following limb; the mean of the readings of the 
azimuth circle does not necessarily therefore in this case give 
the true meridian, as correction must be applied for the change in 
the sun’s declination during the interval of time between the 
observations. 

If the sun’s meridian altitude is increasing, as is the case from 
midwinter to midsummer, his lower limb when descending will 
have the same altitude at a greater distance from the meridian 
than before apparent noon, and the reverse when it is decreasing. 
The following formula for this correction is taken from Dr. 
Pearson :— 

X =}D x sec lat. x cosec $ T, where D is the change of 
declination* in the interval of time expressed by T. 

Example :—In latitude 51° 23’ 40” N. on May 12, 1838, the 
upper limb of the sun had equal altitudes. 

At 9h. 54m. 26°83. AM. 

2 5 46 PM. 

And the readings of the azimuth circle at these times were— 
311° 47’ 20” morning observation. 


47 45 50 afternoon do. 

h m. 5s. 
12 0 0 360° 0’ 0” 
9 54 268 311 47 20 


by chronometer. 


Distance from noon, A.M. 2 5 33:2 48 12 40 








* The sun’s change of declination is given for every hour in the first page or ch 
month in the Nautical Almanac. 
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h. m. 3s. 
2 5 332 48° 12’ 40” azimuth A.M. 
2 5 46 47 45 50 ditto P.M. 
T=4 11 19-2 2)26 50 diff. 
+ T=2 5 39°6 
or in space 31° 24’ 64” 13 25 


360 O 90 


359 46 35 reading of approximate 
—————__ meridian. 


The sun’s change of declination in one hour of mean time on 
May 12 appears, by the Nautical Almanac, = 37”°53, therefore 
for 2h. 5°6m., the half-interval, it is = 78”°5. 
= 78”°5 log. 18948697 
= 51° 23’ 40” sec. 02048465 
= 31 24 54 cosec. 02829690 


rola Et rit 


241”°37 . 2°3826852 


Middle pont . . . . 359° 46’ 35” 
Correction 24137 ‘ : 4 1% 


Correct reading of true meridian 359 42 33°6 


The magnetic bearing of the pole-star, or of any circumpolar 
star at its upper or lower culmination, gives at once the variation 
of the compass ; a meridian may likewise be traced by observing 
the azimuths of a star at its greatest elongations, and taking the 
mean. 

If only one elongation is observed, the sine of the angular 

distance = “™¢ polar distance of star sa ich added to, or sub- 
cosine latitude 

tracted from, the observed azimuth, gives the direction of the 

meridian. 

The time at which any star is at its greatest elongation is thus 
found. The cosine of the hour angle in space = tan polar dist. 
x tan lat. This hour angle divided by 15 gives the interval in 
sidereal time. 
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The other methods of finding the variation of the compass by 
the amplitude of the sun at sunrise or sunset, and by his azimuth 
at any period of the day, requiring more calculation, will be found 
among the Astronomical Problems. 

A meridian line can be marked on the ground, without the aid 
of any instrument, with sufficient accuracy to obtain the variation 
of the needle for common purposes, by driving a picket ver- 
tically into the ground on a perfectly level surface. At three 
or four hours before noon, measure the length of its shadow 
on the ground, and from the bottom of the picket, as a centre, 
describe an arc with this distance as radius. Observe when the 
shadow intersects this arc about the same time in the after- 
noon, and the middle point between these and the picket gives 
the line of the meridian. It is of course better to have three 
or four observations at different periods before and after noon; 
and these several middle points afford means of laying out the Line 
more correctly. 

PROJECTIONS OF THE SPHERE.—The method hitherto described 
of laying down stations by triangulation, or by means of distances 
calculated from astronomical ‘obsetvations, is however only ap- 
plicable within certain lymits; as, on account of the spherical 
figure of the earth, the relative positions of places on the globe 
cannot be represented by any projection in geographical maps 
embracing very large portions of its surface except by altering 
more or less their real distances, the content of various tracts of 
territory, and, in fact, distortung the whole appearance, when com- 
pared with the different portions of the same country represented 
as plane surfaces. | 

Either a true projection or some arbitrary arrangement of the 
meridians and parallels is therefore necessarily adopted, and each 
place is marked on this skeleton according to its relative latitude 
and longitude. These projections should be preferred in which the 
geographical lines are most easily traced, and whose arrangement 
distorts as little as possible the linear and superficial dimensions.* 


' * Sir Henry James states that the one-inch maps of the Ordnance Surveys of Scot- 
land and Ireland are laid down on a modification of Flamstead’s projection, so that the 
sheets of each will, when put together, form one map. England has not been laid 
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Descriptions of various projections will be found in the works of 
Puissant, Francoeur, and other authors on the subject ; and some 
very useful explanations of the projections of the sphere in a 
treatise on “ Practical Geometry and Projection,” published by the 
Society of Useful Knowledge. 

The following short but clear definition of the three species of 
projection commonly used in maps, viz. the orthographic, stereo- 
graphic, and Mercator’s, is taken from Sir J. F. Herschel’s 
“ Astronomy :”"— 

“In the orthographic projection every point of the hemisphere 
is referred to its diametral plane or base, by a perpendicular let fall 
on it, so that its representation, thus mapped on its base, is such 
as it would actually appear to an eye placed at an infinite distance 
from it. It is obvious that in this projection only the central 
portions are represented in their true forms, while the exterior is 
more and more distorted and crowded together as it approaches 
the edges of the map. Owing to this cause, the orthographic 
projection, though very good for small portions of the globe, is of 
little service for large ones, 

“The stereographte projection . 
18 In a great measure free from 
this defect. To understand this 
method, we must conceive an eye 
to be placed at E, one extremity 
of a diameter EC B of the sphere, 
and to view the concave surface 
of the sphere, every point of 
which, as P, is referred to the 
diametral plane AD F perpen- 
dicular to EB by the visual line 
PME. The stereographic projection of a sphere, then, is a true 
perspective representation of its concavity on a diametral plane ; 
and as such it possesses some singular geometrical properties, of 
which the following are two of the principal :—first, all circles on 
the sphere are represented by circles in the projection; thus the 





down upon any projection, but by the method of parallels and perpendiculars to 
meridians in different parts of the country. 
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circle X is projected into 2: only great circles passing through 
the vertex B are projected into straight lines traversing the centre 
C; thus BP A is projected into C A. 

“Secondly, every very small triangle GH K on the sphere is 
represented by a similar triangle ghk in the projection. This 
valuable property ensures a general similarity of appearance in 
the map to the reality in all its parts, and enables us to project at 
least a hemisphere in a single map, without any violent distortion 
of the configurations on the surface from their real forms. As, in 
the orthographic projection, the borders of the hemisphere are 
unduly crowded together; in the stereographic, their projected 
dimensions are, on the contrary, somewhat enlarged in receding 
from the centre.” 

Both these projections may be considered natural ones, inasmuch 
as they are really perspective representations of the surface on a 
plane; but Mercator’s projection is entirely artificial, repre- 
senting the sphere as it cannot be seen from any one point, but 
as it might be seen by an eye carried successively over every part 
of it. The degrees of longitude are assumed equal, and of the 
value of those at the equator. The degrees of latitude are 
extended each way from the equator, retaining always their 
proper proportion to those of longitude; consequently the 
intervals between the parallels of latitude increase from the 
equator to the poles. 
The equator is con- 
ceived to be extended 
out into a straight line, 
and the meridians are 
straight lines at right 
angles to it, as in the 
figure. Altogether the 
general character of 
maps on this projec- 
tion is not very dissimilar to what would be produced by 
referring every point in the globe to a circumscribing cylinder, 
by lines drawn from the centre, and then unrolling the cylinder 
into a plane. Like the stereographic projection, it gives a true 
representation as to form of every particular small part, but 
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varies greatly in point of scale in its different regions—the polar 
regions, in particular, being extravagantly enlarged; and the 
whole map, even of a single hemisphere, not being comprisable 
within any finite limits. 

The following simple directions are given by Mr. Arrowsmith 


A fk a NS, 


Tok be bee OOK Oh 


NY, 


4 e 9 
20,84 30 é 8¢ 


A 


for a projection adapted to a map to comprehend only a limited 
portion of the globe ; for instance, that between the parallels of 
44° and 48° 30’ north latitude, and longitudes 9° and 18° east of 
Greenwich.—Draw a line AB for a central meridian; divide it 
into the required number of degrees of latitude (44) ; through one 
of these points of division (say 46°) draw C D intersecting the 
meridian at right angles, and likewise draw lines through the other 
points parallel to C D. 


P 
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Take the breadth in minutes of a degree of longitude in lat. 
46°= 41-68; from M towards C and D, set off each way one-half 
of this, 2084 (ME.MG). Again, from N lay off on each aide 
one-half of the length of a degree in lat. 47° = 40°92 (NF.NH). 
Measure the diagonals GH, EF, and putting one point of the 
compasses successively on F, G, H, and E, describe the arcs 
LLL 2. 

Take 41°68, the whole measurement of a longitudinal degree in 
lat. 46°, and lay off the distance, GO, EO, intersecting the arcs 
ezxxatOQO. Again, take the value of a degree in latitude 47° 
40°92, and lay off the distances F P, H P. 

This process continued until the parallels of 46° and 47° are 
completed, the whole projection may be carried on in the same 
manner, the two parallels first drawn furnishing the respective 
points of each meridian. 

It would occupy too much space to pursue the subject further ; 
explanations of all the most useful projections will be found in the 
sixth chapter of Francceur’s “ Géodesie,” and in other works of 
the same character. 


CHAPTER XII. 
PRACTICAL ASTRONOMY. 


BEFORE proceeding to the solution of the few simple problems 
by which the latitude, longitude, and time, as also the variation 
of the compass and the azimuth of any celestial body can be deter- 
mined under different circumstances, it 1s considered advisable to 
explain the meaning of such terms as are most constantly met 
with in practical astronomy, and the corrections necessary to be 
applied to all observations. 

The Sextant,* Reflecting Circle, or Dollond’s Repeating Circle, 
with the Artificial Horizon and Chronometer, the Barometer and 
Thermometer, are the description of portable instruments gene- 
rally used in taking astronomical observations. The Nautical 
Almanac for the year, as well as tables of logarithms and refraction, 
are also necessary. In an observatory, or for any extensive geode- 
sical operation, instruments are required of firmer construction, 
and admitting from their size of more minute graduation. The 
principal Observatory Instruments are the Transit, Sidereal Clock, 
Equatorial, Altitude and Azimuth Instrument; to which may be 
added the Zenith Sector and Mural or Transit Circle. 

‘In all reflecting instruments the angle formed by the planes of 
the two mirrors is only half the observed angle, but the arc or 
circle is graduated to meet this effect of the principle of their 
construction ; thus an angle of 60° is marked on the limb of the 
sextant 120°; and the entire circle reads 720°. 

Full descriptions, with plates, of the methods of using and ad- 
justing the sextant and reflecting circle are given in Mr. J. Simms’ 
“Treatise on Mathematical Instruments,” which little work is, or 


* The altitude and azimuth of any celestial body can also of. course be taken with 
the Theodolite,—indeed a large Theodolite of the best construction is a portable 
Altitude and Azimuth Instrument. 

¥ 2 
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should be, in the hands of every observer ; but a short descriptive 
outline of the management of these instruments is given below, as 
well as of the “repeating circle,”"* which is, at all events in theory, 
the most perfect of the class of reflecting instruments. 

THE SEXTANT.—So much depends upon the make of this in- 
strument that the greatest care should be taken in its selection. 

See that the pieces are well fitted together, that the screws and 
clamps work well, that there is no jar or unsteadiness in the 
working of the several parts. 

All the divisions should be clearly and finely cut; the extreme 
divisions on the vernier should coincide exactly with divisions on 
the limb from one end to the other. There should not be the 
slightest refraction in the reflectors; if their two surfaces are in- 
clined to one another, the image observed will appear blurred and 
badly defined. 

The arc is generally graduated to 10 minutes, and these divi- 
sions are subdivided by the vernier to 10 seconds, one-half of 
which can by aid of the reading microscope attached to the index 
arm be easily estimated, so that the instrument may be said to 
read to 5 seconds. The index is clamped to the arc when the 
observation is approximately made, which is then perfected by the 
tangent screw. At the central point of the arc on which the 
index arm revolves is fixed the silvered mirror termed the “index” 
glass, perpendicular to the plane of the instrument. To the frame 


* The repeating circle here spoken of, is a reflecting circle, having the power of 
repetition. For the determination of latitudes and longitudes on surveys of the mag- 
nitude of the Ordnance Survey of Great Britain, or for very important and delicate 
geodesical operations, the Zenith Sector, Altitude and Azimuth Instrument, and 
Portable Transit are employed. This latter, though properly an observatory instru- 
ment, can be used upon a stand formed by the stump of a large tree, or by three or 
four strong posts driven into the ground, supporting a top on which the transit is 
placed. A rough pedestal of masonry or brick-work of course answers the same pur- 
pose, great care being taken to secure its steadiness, and prevent its being affected by 
the movement of those about it, to ensure which, a sort of detached platform upon 
posts will be found efficient. Solid rock is considered not so suited for the founda- 
tion of this sort of pedestal as sand, or other species of earth, on account of its more 
readily conveying tremulous vibrations to the instrument. Transits of from 20 to 80 
nches focal length were thus used upon the survey (in 1845) of the North American 
Boundary, a tent made of fine canvas being contrived to protect the lights from the 
wind. 
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is attached a second glass, termed the “ horizon” glass, the lower 
half only of which is silvered, the upper being left for the purpose 
of direct sight of the object through it, and the plane of this second 
glass must be parallel to that of the index glass, when the index 
is at zego on the limb, any deviation from which constitutes the 
“index error.” The telescope, also parallel to the plane of the in- 
strument, is carried by a ring attached to the other radius part of 
the frame, and can be raised or lowered bodily in order to enable 
the observer to make the object seen by direct vision and its image 
by reflection nearly equally distinct, and for observations of the 
sun the shades attached to the frame, or one of the dark glasses to 
the eye-piece, must be made use of. These dark glasses are sub- 
ject to errors due to their imperfections; in order to ascertain 
whether there is any error, bring the reflected image of the sun into 
contact with its image seen directly through the unsilvered portion 
of the horizon glass; then removing the dark glass from eye-piece, 
set up each shade separately, and also their combinations, should 
there be any error, the angle through which the index moves to 
bring the images again into contact is to be recorded as an index 
error for each glass or shade, or combination of shades. 

In observing the altitude of the sun or a star at sea, the eye of 
the observer is directed to the line of the horizon immediately 
below the object, the reflected image of which is brought down to 
the horizon by moving forward the index. With the artificial 
horizon on shore, the two images are brought into contact on the 
surface of the mercury, and the angle observed in this case is 
double that of the former. 

There are two methods of taking the altitude of a star, either by 
allowing it to make its own contact, or by bringing it into contact 
alternately on the upper or lower side; each method has its ad- 
vantages. In the former case, for example, with six shots, there 
would be an error + or — due to the apparent diameter of the 
star and to the eye-error, but the observations themselves would 
be very steady; in the latter case, also with six shots, bring the 
reflected images alternately into contact above and below the 
image as seen in artificial horizon ; this will eliminate all eye-error 
but the contact as made by the hand with tangent screw is not so 
sure as when made by the star itself in its progress. 
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The index glass is but little liable to derangement, and provi- 
sion is seldom made for altering its adjustment, the accuracy of 
which can be tested by moving the index to about the middle of 
the limb, and looking obliquely down the glass by observing if the 
circular arc, as seen by direct vision and by reflection, appears as 
it ought to do in one continuous curve without being broken at 
the point of contact. | 

The horizon glass is set perpendicular to the plane of the sextant 
by a small screw at the lower end of the frame, and it is known to 
be in adjustment when the reflected image of the object passes 
directly over that by direct vision when brought into contact by 
the index arm. | 

The instrumental error, due to an imperfection in the instru- 
ment, and a constant source of annoyance to the beginner, can 
only be worked out by degrees. 

The amount of the index error (caused by the want of paral- 
lelism in the two glasses) is ascertained by observing if, when the 
zero of the vernier is set to 0 on the limb, the direct and reflected 
images do or do not coincide. If they do, the index error is 
nothing; if not, the angle the index has to move through to make 
the coincidence perfect represents the index error. The usual and 
most correct method of ascertaining this error is by measuring the 
diameter of the sun in the following manner: clamp the index at 
about 30 minutes from zero on the graduated arc and perfect the 
contact of the two images of the sun by the tangent screw, reading 
the angle; then put the index to about the same number of 
minutes on the “ arc of excess,” which is a small portion of the are 
graduated on the other side of zero, and complete the contact as 
before, again reading the number of minutes and seconds. One- 
half of the difference of these two readings is the index error, -- 
when that on the arc of excess is the greatest, and — when the 
contrary, thus, 


Reading on the arc . ; . 33’ 20” 
Do. onthe arc of excess . 32 40 


Difference 0 40 


Index error — 20 
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If these observations have been correctly made, } of the sum of 
the two readings should correspond with the semi-diameter of the 
sun as given in the Nautical Almanac for that day. In most 
instruments there is no means of rectifying the index error, and it 
is necessary frequently to ascertain if it has at all varied and to 
allow for it + or — in every observation. 

The parallelism of the line of collimation of the telescope to the 
plane of the sextant is not often deranged, and is known to be 
correct when two objects having an angular distance of 90° or 
more are brought into contact on the wire nearest the plane of the 
instrument and found to maintain this contact when the position 
of the sextant is altered to make the contact appear on the other 
wire. The adjustment, if any is found necessary, is made by the 
two screws which hold the collar into which the telescope screws. 

THE REFLECTING CIRCLE is in principle and use the same as 
the sextant, but instead of merely an arc, the observer has an 
entire circle to work upon; it bas three verniers, one of which 
carries the clamp and tangent screw, moving round the same 
centre as the index glass which is situated on the opposite face of 
the instrument. There are two handles fixed parallel to the plane 
and a movable one at right angles, which can be screwed into 
either of the others when observing horizontal angles. 

The advantage of the reflecting circle over the sextant is that 
all index errors are negatived by the observations being taken on 
each side, and also all errors of centering, as the verniers are read 
at three equidistant points of a circle. Its scope is also far greater, 
as angles may be measured with it up to 150°, which will allow of 
the sun’s double altitude being taken with it, with an artificial 
horizon when within 15° of the zenith. Like the sextant, these 
three adjustments are required to be perfect, 

1. The index glass being perpendicular to the plane of the circle, 
which when so fixed by the maker is seldom deranged. 

2. The horizon glass to be also perpendicular in the same plane. 

3. The line of collimation of the telescope parallel to the plane 
of the circle. 

THE REPEATING CIRCLE.—Set the vernier, which moves on the 
circumference of the inner circle (as do also the horizon glass and 
telescope at the extremities of arms having one common centre), 
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to zero (or 720°), on the graduated outer circle, and clamp it, 
Unclamp the vernier at the end of the arm carrying the index 
glass, which, when the two glasses are parallel, should read zero. 
Take the required altitude or angular distance by moving the 
index forwards till a perfect contact is obtained, and clamp it to 
the outer circle, noting the time if required, but merely reading 
approximately the angle. 

Unclamp the arm to which the telescope is attached, and, 
reversing the instrument, make the contact again on the other 
side, by moving forward this arm concentric with that carrying the 
horizon glass, (which can be done very rapidly by setting it nearly 
to the approximate angle already read, but on the other side of the 
zero of the inner circle which is graduated each way to 180°,) and 
perfect the observation by the tangent screw. The angle now 
read on the outer circle is evidently dowble that observed for the 
mean of the times, freed from any index error by the reversal of 
the instrument. This process may be repeated over and over 
again all round the circle as often as required, and the last angle 
shown by the vernier of the horizon glass is the only one which 
requires to be read, and divided by the number of observations for 
the mean angular measurement answering to the mean of the times. 

Instead of setting the vernier at first to 720°, it may be read off 
at any angle as with the theodolite; but the method described 
above is preferable. 

THE ARTIFICIAL Hortzon alluded to as being a necessary 
adjunct to the use of all reflecting instruments, consists generally of 
a small oblong box, with a glass cover (usually made to fold back 
into the box to render the whole portable), into which mercury 
strained quite free from impurities is poured when required for 
observation. To avoid the use of mercury, which is inconvenient to 
carry, various other contrivances have been tried, among others a 
circular plate of glass blackened behind, adjusted to a horizontal 
plane by means of a spirit level and screws, but it is not to be 
equally trusted. Oil or treacle would answer for the purpose in place 
of mercury, but would not give so clear an image. 

The artificial horizon when used must be placed on some solid 
support not liable to vibration, (otherwise the surface of the mer- 
cury will never be quite at rest,) in such a position that the reflected 
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image of the object can be clearly seen ; and when the object has 
a low altitude, it must be raised nearly to the level of the eye of 
the observer. 

In observing, the image of the object reflected from the index to 
the horizon glass must he brought down by a gentle forward move- 
ment of the index until it is nearly in contact with that seen on 
the surface of the mercury, when the index arm is clamped and the 
observation completed by the tangent screw. 

When the lower limbs of the sun are in apparent contact, the 
image reflected from the index glass appears uppermost ; when the 
upper limb, of course the reverse. With the inverting telescope 
generally used with reflecting instruments, the lower limb seen in 
the mercury always appears the upper, and vice versd ; and the 
index must be moved in the contrary direction to that the object 
appears to take in order to keep it in the field of view. 

The angle observed with an artificial horizon is, as has been 
before stated, always double the angle of elevation above the 
sensible horizon. 


DEFINITION OF TERMS. 


The terms answering to terrestrial longitude and latitude, when 
referred to the celestial sphere, are right ascension and declination; 
the former being measured on the equinoctial (or the plane of the 
equator produced to the heavens) commencing from the first point 
of Aries, which for many reasons has been taken as the conven- 
tional point of departure in the celestial sphere ; and the latter on 
great circles perpendicular to the equinoctial and meeting at the 
poles, being reckoned north or south of this plane. 

A confusion is caused, often puzzling to beginners, by the intro-' 
duction of the terms longitude and latitude in the celestial nomen- 
clature, having a different meaning from the same expressions as 
applied to the situation of places on the earth ; they have reference 
to the ecliptic instead of the equinoctial; celestial longitudes 
commence also from the intersection of these two planes. 

This point has a constant gradual irregular retrograde motion on 
the ecliptic caused by the combined varying influences of the sun 
and moon upon the bulging equatorial portion of the spheroidal 
form of the earth, whereby the intersection of the planes of the 
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equator and ecliptic recedes annually in a direction contrary to the 
signs at the rate of about 50:3”. The result of this is a slow cir- 
cular motion of the pole of the equator round that of the ecliptic, 
the revolution being completed in about 25,800 years. The in- 
fluence exerted by the sun in this phenomenon is to that of the 
moon in the ratio of nearly 2 to 5, but not always in the same 
direction, and the result given above is due to the combination of 
those disturbing causes termed solar precession and nutation. A 
full and lucid description of these and all other irregularities in the 
earth’s motion will be found in Woodhouse and Sir J. Herschel’s 
“Astronomy.” The angle of inclination of the planes of the equator 
and ecliptic, termed the “obliquity of the ecliptic,” is about 
23° 27’ 30°, and varies slowly at the rate of 04755” per annum, 
but its maximum variation cannot exceed 2° 42’. The longitudes 
as well as the right ascensions and declinations, even of the fixed 
stars, are constantly undergoing a slight change, though imper- 
ceptible to measurement in short intervals of time. The cor- 
rections for their places on this account, as well as on that of their 
aberration,* are allowed for in the “catalogue of the hundred 
principal stars,” given in the Nautical Almanac for every tenth 
day, and can easily be calculated for any particular period of time. 

Great circles perpendicular to the horizon, and meeting in the 
zenith and nadir, are called vertical circles ; on these the altitudes 
of objects above the horizon are measured ; the complements to 
these altitudes are termed zenith distances; and the arc of the 
horizon contained between a vertical circle, passing through any 
object and the plane of the meridian, is termed the azimuth of 
that object. The altitude and azimuth of any object being 
known, its place in the visible heavens at that moment is deter- 
mined ; whereas the latitude and longitude, or the right ascension 
and declination, fix its place in the celestial sphere. 


* The light from any celestial body is propagated by a progressive motion at the 
rate of 200,000 miles per second. If the observer were stationary, the result would be 
the same as if it were instantaneous; but as he participates in the motion of the 
revolution of the earth, the point in space in which the object is actually situated is 
not that in which it appears at the time of observation in the axis of the telescope, 
which has in the interval moved forwards with the rotary motion of the earth. 
This difference between the real and apparent place of the star is termed its 
‘* Aberration.” 
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The right ascension and declination of any celestial object can 
evidently be determined from its latitude and longitude, and vice 
verad ; the obliquity of the ecliptic, or the angle it forms with the 
equinoctial, being known. 

The sensible horizon is an imaginary plane tangential to the 
earth at the place of the observer; whereas the rational horizon 
(to which all altitudes must be reduced by the correction for 
parallax) is a plane parallel to the former, passing through the 
centre of the globe: altitudes require also another correction 
for the effects of refraction,* which, it has been already explained 
in Chap. V., causes the apparent place of any object to be always 
elevated above its real place; the correction is therefore sub- 
tractive. 

The first correction alluded to, that for parallaz,t is always 
adduiwe. This term, as applied in its limited sense to altitudes 
of celestial objects, is meant to express the angle subtended by 
the semi-diameter of the earth at the distance of the object 
observed. Altitudes of the moon, from her proximity to the earth, 
are most affected by parallax: it is also always to be taken into 
account in observing altitudes of the sun, or any of the planets ; 
but the fixed stars have no appreciable parallax, owing to their 
immeasurable { distance from our globe. 





In the figure above, H O is the sensible, and R L the rational 
horizon ; S the real place of the object, and S’ its apparent place, 


* See the tenth chapter of Woodhouse’s ‘‘ Astronomy” for the explanation of the 
method of obtaining the constant of refraction, and the different values of this 
quantity, generally estimated at 57”. 

+ For a further explanation of Parallax in a more general sense, see Sir J. F. 
Herschel’s ‘* Astronomy,”’ p. 47. 

t At least 5000 million times the diameter of the globe. 
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elevated by refraction ; S’ O H is the angle observed; SO H the 
altitude corrected for refraction, and S L R the same altitude cor- 
rected both for refraction and parallax, being equal to the angle 
SO H+0OS L, the parallaz. 

It is evident that the equatorial parallax of any object (which 
is that given in the Nautical Almanac), being subtended by the 
semi-diameter of the earth at the equator, is always the greatest, 
and that at the poles the least. The diminution, according to the 
latitude of the place of observation, can be obtained from tables 
constructed for the purpose. The parallax in any latitude is also 
greatest at the horizon, and diminishes as the object approaches 
the zenith, where it vanishes. 

Another correction that must be applied to the observed 
altitudes of the sun or moon is that for their semi-diameters, plus 
or minus, according as the upper or lower limb has been taken :* 
this quantity is found for each day of the month in the Nautical 
Almanac. 

When observations are made at sea, an allowance must be made 
for the height of the eye above the horizon: this correction, termed 
the dip, is evidently always subtractive ; and in observing with a 
sextant, it is always necessary to ascertain and apply its index 
error, which term is meant to express the deviation of the read- 
ing of the instrument from zero, when the direct and reflected 
images of an object are made exactly to covncide, in which case the 
horizon and index glasses are parallel. 

The usual method of ascertaining the amount of this error of 
the instrument in astronomical observations, is by measuring the 
diameter of the sun on different sides of the true zero, and is done 
as follows :—set the vernier at about half a degree from zero on 
the graduated limb, and perfect the contact of the two limbs with 
the tangent screw, noting the reading: unclamp the index, and 
set the vernier again to about the same distance on the other side 
of zero, termed the arc of excess (which is divided for a few degrees 


* When several observations are taken, the necessity for this correction can be 
obviated by observing alternately the upper and lower limb. 

+ In using the tangent screw, a perceptible difference is found between a progres- 
sive and a retrograde motion—the latter had better always be avoided. A difference 
is also found in different parts of the length of the screw. 
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for this purpose), observing also this reading, when the contact has 
been again perfected; half the difference will evidently be the 
index error,+ when the reading of the arc of excess is the greatest, 
and — when that of the limb: thus, 


Reading on the arc 32’ 10” 
On arc of excess 33 20 


2)1 10 


Index error+ 0 35 


These definitions are rendered more evident by reference to 
the figure below, taken from Sir J. Herschel’s Treatise on 
Astronomy, published in the Cabinet Cyclopedia. 

“Let C be the centre of the earth, N CS its azis; then are 
N and S its poles; E Q its equator; A R the parallel of latitude 
of the station A on its surface ; A P, parallel to SC n, the direc- 
tion in which an observer at A will see the elevated pole of the 
heavens ; and A Z, the prolongation of the terrestrial radius C A, 
that of his zenith; N AES will be his meridian ; N GS that of 
some fixed station, as Greenwich ; and G E, or the spherical angle 





G NE, his longitude, and E A his latitude. Moreover, if n 8 be a 
plane touching the surface in A, this will be his sensible horizon ; 
nm A 8s, marked on that plane by its intersection with his meridian, 
will be his meridian line, and 7 and s the north and south points 
of his horizon.” 
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“ Again, neglecting the size of the earth, or conceiving him 
stationed at its centre, and referring everything to his rational 
horizon, let the next figure represent the sphere of the heavens ; 
C the spectator ; Z his zenith ; 
and N his nadir; then will 
H A O, a great circle of the 
sphere whose poles are Z and 
N, be his celestial horizon ; 
P p the elevated and depressed 
poles of the heavens; H P 
the altitude of the pole; 
H P Z EO his meridian ; 
E T Q, a great circle perpen- 
dicular to P p, will be the 
equinoctial ; and if 7 represent 
the equinox, r T will be the right ascension, T S the declination, 
and PS the polar distance of any star or object S, referred to 
the equinoctial by the hour circle PS Tp; and BS D will be the 
diurnal circle it will appear to describe about the pole. Again, if 
we refer it to the horizon by the vertical circle ZSM; HM 
will be its azymuth, M S its altitude, and ZS its zenith distance. 
H and O are the north and south, and e and w the east and west 
points of the horizon, or of the heavens. Moreover, if Hh, O 0, 
be small circles, or parallels of declination touching the horizon in 
its north and south, HA will be the circle of perpetual appari- 
tion, between which and the elevated pole the stars never set ; 
Oo that of perpetual occultation, between which and the de- 
pressed pole they never rise. In all the zone of the heavens 
between H h and O o they rise and set; any one of them, as S, 
remaining above the horizon in that part of its diurnal circle 
represented by A Ba, and below it throughout all that represented 
bya D A.” | 

From these figures it is evident that the altitude of the elevated 
pole is equal to the latitude of the spectator’s geographical station, 
for the angle P A Z in the first figure, which is the co-altitude of 
the pole, is equal to NCA; CN and AP being parallels whose 
vanishing point is the pole. But NC A is the co-latitude of the 
place A, whence the altitude of the pole must be equal to the 
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latitude. The equinoctial intersects the horizon in the east and 
west points, and the meridian in a point whose altitude 18 equal to 
the co-latitude of the place. 

THE NATURAL STANDARDS OF THE MEASUREMENT OF TIME are 
the tropical year and the solar day, and these are in a manner 
forced upon us by nature, though, from their “ancommensurability 
and want of perfect uniformity,” they occasion great inconvenience, 
and oblige us, while still retaining them as standards, to have 
recourse to other artificial divisions. In all measures of space the 
subdivisions are aliquot parts; but a year is no exact number of 
days, or even an integer with an exact fractional part ; and before 
the introduction of the new style into England in 1752, an error 
of as much as 11 days had thus crept into the calendar. 
By the present arrangement, every year whose number is not 
divisible by 4 without remainder, consists of 365 days; every year 
which is so divisible, but is not by 100, consists of 366 days; every 
year again, which is divisible by 100, but not by 400, consists of 
only 365 days; and every year divisible by 400, of 366. The pos- 
sibility of error is thus so far guarded against, that it cannot 
amount to one day in the course of 3000 years, which is sufficient 
for all civil reckoning, of which, however, astronomy is perfectly 
independent. 

The three divisions of time for civil and astronomical purposes 
are the apparent solar, mean solar, and sidereal day. The 
apparent solar day is the interval between two successive transits 
of the sun over the:same meridian ; and from the path of the sun 
lying in the ecliptic inclined at an angle to the equator upon the 
poles of which the earth revolves, and the earth’s orbit not being 
circular, it follows that the length of this day is constantly varying; 
so that, although it is the only solar tume which can be verified 
by observation, it is quite unfit for application to general use. 

THE MEAN SOLAR DAY, which is purely a conventional measure 
of time, is derived from the preceding, and is the average of the 
length of all the apparent solar days in the year, as nearly as it 
can be divided ; and this is the measure of all civil reckoning. 
Mean time is, in fact, that which would be shown by the sun if he 
moved in the equator instead of the ecliptic, with his mean 
angular velocity. 
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The difference on any day between apparent and mean time is 
termed the equation of time, and is given for every day of the 
year at mean and apparent noon in the first and second pages of 
each month in the Nautical Almanac, additive or subtractive, 
according to the relative positions of the real, and the imaginary 
mean sun.* 

A SIDEREAL DAY is the time employed by the earth in revolving 
on its own axis from one star to the same star again; or the 
interval between two successive transits of any fixed star, which is 
always so nearly the same length, that no difference can be per- 
ceived except in long intervals of time,t particularly in stars 
situated near the equator. A sidereal is 3" 55°91 shorter than a 
mean solar day, and is also less than the shortest apparent solar 
day, as must be evident from the figure below, where the 
earth, moving in its orbit, and revolving on its own axis, after any 
point on its surface, A, has by its revolution brought the star S’ 
again on its meridian, must move also through the angle S’ES, 
before the arrival of the sun S on the same meridian. 


Both sidereal and apparent solar time arg measured on the 
equinoctial, the former being at any particular instant the angle 
at the pole between the first point of Aries and the meridian of 
the observer ; and the latter, that contained between this meridian 
and the meridian where the sun is at the moment of observation, 
both reckoned westward ; hence the apparent solar time added to 
the sun’s right ascension is the sidereal time, and when any object 
is on the meridian, the sidereal time, and the apparent right 
ascension of that object, are the same. 


* For a most lucid explanation of this varying equation, see Woodhouse’s ‘‘ Astro- 
nomy,” chap. xxii., commencing at page 537 ; and also Vince’s ‘‘ Astronomy,” &c. 

+ For the causes of this almost imperceptible variation in the length of a sidereal 
day, see Woodhouse, p. 106; there is, in fact, a mean and an apparent sidereal 
day. 
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It is evident that the difference between the time at any two 
places on the earth’s surface is measured by the same arc of the 
equator, which measures the difference of their longitudes, the 
circumference of the circle representing 360 degrees or 24 hours; 
making 15 degrees of longitude = one hour of time. To find the 
difference of longitude then between any two places, only requires 
us to be able to determine exactly the local tvme at each place, 
at the same instant ; for which purpose chronometers whose rates 
are known, and which have been set to, or compared with, Green- 
wich mean time, are used particularly at sea where other means 
more to be depended upon, cannot, from the motion of the ship, 
and the constant change of place, be always resorted to. 

From these explanations it will easily be seen that of the five 
following quantities, any three being given, the other two can be 
found by the solution of a spherical triangle, viz. :-— 

1. The latitude of the place. 

2. The declination of the celestial object observed. 

3. Its hour angle east or west from the meridian. 

4. Its altitude. 

5. Its azimuth. 

Thus in the triangle P ZS, named from its universal application 
the astronomical triangle— 

P is the elevated pole, Z the zenith, and S the star or object 
observed ; and the five quantities above mentioned, or their com- 


Zz 





RS 


—_/ 


plements, constitute the sides and angles of the spherical triangle 
ZPS; PZ being the co-latitude, PS the co-declination, or north 


Q 
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polar distance, ZS the co-altitude or zenith distance, the angle 
ZPS the hour angle, and PZS the azimuth. 

The further application of this triangle will be seen in the 
astronomical problems. 

In all the ordinary observations made for the determination of 
the latitude, local time, &c., the object observed may be either the 
sun, or a star whose declination and right ascension are known: 
the latter is wherever practicable, to be preferred, as the use of 
the sun always involves corrections for semidiameter and parallax; 
also in many observations of the sun, such as those of equal 
- altitudes for time, or for determining the direction of a meridian 
line, or circum-meridian altitudes for finding the latitude,—still 
further corrections are requisite on account of the change of the 
sun’s declination during the period embraced by the observations ; 
which corrections are avoided by using a star. 

The bisection of a star is likewise more to be depended upon 
than the observed: tangent of the sun’s limb, At sea, where 
minute accuracy is neither sought, nor to be obtained, and where 
at night the horizon is generally obscured, and often not to be 
discerned at all, this advantage is either nut material, or not often 
to be taken advantage of; but on shore an artificial horizon 
is always used with reflecting instruments, and upon this the dark- 
ness of the night has no effect. 

In all observations of a star, the clock or ioaomciey if not 
already so regulated, must be reduced to stdereal time; with the 
sun on the contrary, the timekeeper must be brought to mean 
solar time whether the local or Greenwich time be required. 


OBSERVATIONS. 


To obtain correct results, observations should be taken in sets. 

Thus, for obtaining time and latitude at a place, it would be 
sufficient to take one shot at a star east or west for time, and one 
circumpolar or circum-meridian altitude, provided there were no 
instrumental, atmospheric, or other sources of error; but to elimi- 
nate all such errors, the following method is adopted :— 
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Six shots east and six west at two stars near the prime vertical 
for time, six or eight north for a circumpolar star or a polaris, and 
ten or twelve south for circum-meridian altitudes for latitude. All 
clerical errors are detected and obliterated by examining each set 
and obtaining the mean value, all other errors are neutralised by 
taking the mean value obtained from the east and west stars and 
the north and south. Time may thus be obtained most accurately, 
and latitudes to 100 yards of the true position on the earth’s sur- 
face. In cases where both time and latitude are only known 
approximately, it is necessary to work out the observations alter- 
nately two or three times over, in each case using the corrected 
results, before they can be cleared of all error. 

On the two following pages are given the forms necessary for 
recording and calculating the time and latitude for the observations 
above mentioned. The weather was windy and cloudy at the 
time, the observations are not therefore given as an example of 
accurate observing, on the contrary they are rather an example of 
the precision that can be obtained (when time is an object) by 
inferior observations. For example, the latitudes obtained at 
Gaza on 30th May and Ist and 2nd June, 1867, were respec- 
tively :— 


31° 30° 16.115 
31 30 16.7 
31 30 17.3 


These remarks do not, however, affect the principle that a few 
good observations are better than many bad ones. 


q 2 


3]5005) Aq paziusiq 


STATION, CAMP, TAMARISK TREE, GAZA. 


Observed Double Alti-| Six Observa- . Six Observa- 
tude of East Star Vega. tions. Observed Times. tions 
Sums . . 363 6 42 || Sums 
Mean ; .| 6031 7 || Mean 8 56 24 
(—) Index Error +1 30 || Deduct , , 4 
2} 60 32 37 Chron. Time ‘ 8 56 20 _ 
Apparent Altitude -| 30 16 18.5 eee, 
Refraction. ; . 1 37.5| : hs 90 0 O 
Instrumental Cor. - 830 Star’s Declination : __ 38 39 44.6 
True Altitude, StS 1e Ti ee ae, sp = 61°20. 15.4 
“Zenith Distance 59 44 49 | logcosec . .| 10.0692555 
Colatitude 58 29 42 do. do. 10.1074369 
North Polar Distance} 51 (20 15.4 
2} 169 34 46.4 
Ss = 84 47 23.2 . 
3—a= 26 17 41.2| logsin . 9.6463966) 
Ra. 3 om 83 27 7.8) do. do. ; 9.7413416 
9.5644306 
4 P. 37 16 30 | log. sin. ‘ 9.7822153. 
Oe ee 
9 || M. T. Sidl. Noon ./19, 18. 49.35 
RP. | 7483 © || Cor. for Long. E. . 22 «COSY 
4 », hours 2. 57 ae:ay 
“ane ia mins, . 83 54.45 
60| 298 12 0 4 fesit 16.2 
Hour Angle. . .| 45812 || Mean Time , 8 61143 
Stars R. A. -| 18 82 28.8)| Chron. do. 8 56 20 
Sidereal Time , 13 34 16.8)| Chron. Error, + 5 5.7 























































OBSERVATIONS FOR TIME, BY LIEUT. CHARLES WARREN, R.E. 


Observed Double Alti.- Six Observa- 





Sums 
Mom : 
Index Error ‘ 


oto Altitude 
Refraction ; 
Instrumental Cor. 


Zenith Distance 
Colatitude 


MRR 


-a 
—b 
i . 

Fe“ . ‘ 
Hour Angle . ° 
Star’s R. A... 


Sidereal Time . 


East Star ‘ 
West Star ’ ‘ 
Mean Chron Error 


of West Star Regulus. 





True Altitude . . 


North Polar Distance 




















DATE, 2ND JUNE, 1867. 


Observed Times, | =X .Observa- 

















tions. tions. 
é Sums 
-| 98 69 9 Mean : 8 11 58 
1 30 ee 
2} 94 O 39 Chron. Time 8 11 54 
| 47 019.5 90 0 0 
53.5 
80 || Star’s Declination.| 12 36 48.6 
46 59 56 N. PD .| 77 23 11.4 
90 — see earn ee nae 
43 0 4 | log cosec -| 10.0692555 
58 29 42 do. do. ; ; 10.0106204 
FR 28 14 
2) 178 52 57.4 
89 26 28.7 
30 56 46.7| log sin ov ok 9.7111500 
12 3817.3) do. do, ‘ ‘ 9.3198232 
"| 9.1108491 
21 319 | log. sin. ; ‘ 9.5554295 
2 |\"M.T. Sid]. Noon., 19 18 40, 
42 6 38 || Cor. for Long. E. . 22 
4 », hours , 11 58 02 
60; 168 26 32 ” mins 48 51.9 
2 48. 96.5|| 77 OR 4.8 
10 117.9|| MeanTime ,.| 8 6 49.5 
Chron, do. 8 8 1] 54 
12 49 44.4 
Chron. Error, 
5 B.7 : > 
5 4.5 
e 6 6.1 
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Station. 
Observed Double 
Double Altitudes. 
Altitudes 96 015 
eof 96 115 
Spica 96 1 55 
Virginis. 96 2 25 
96 215 
96 0 5 
Sums : 810 
Mean . | 96 1 21 
Index Error : 1 30 
2/96 2 61 
48 1 25.5 
Refraction . —51 
Inst. Cor. 30 
True Altitude. 148 1 4.5 
|Z D. . . . 141 58 55.5 
Mer. Cor. . 25 
Mer. Z. D. .!/|41 58 80.5 
Declination 10 28 7.4 
Latitude 31 30 23.2 


e . 
2nd June, 1867. 


a 





Observed 
Altitudes and | ¢9 13 10 
Times. 
60 13 15 
60 12 35 
60 12 46 
60 12 30 
60 12 35 
Sums 16 50 
Mean . . | 6012 48.8 
Index Error . 1.80 
2/60 1418.8 
Appt. Altde. . | 30 ‘ 9.2 
a Pection. ; 1 36 
Inst. Correction 30 
True Altitude. | 30 6 3.2 
Ist. Cor. . 1 23 57.5 
2nd do. 
3rd do. 111 
Latitude . . {31 80 11.7 


Circum-meridians for Lat. 








Observed | Hour | Table | Log. 20 = 1.301 
Times. | Angles.; Nos. | Log. cos. lat. 9.9307 
8 35 47 | 4 35.4 | 41.3 | Log. cos. dec.= 9.9917 
8 88 16.5} 2 | a Log. cos. (L. D.) = 10.1747 
8 40 11 11. : es 
8 41 41 |1 18.4; 3.3 ees pare 
8 438 15 |2 53.4] 16.4 | Meridian Cor. =24.53 sec. 
8 45 25 |5 3.4) 50.2 )——— 
120.1 
Mean Tab. No.| 20.0 
Star’s R. A 


M. T. Sidereal Noon 
Cor. for Longitude . 


», Hours 12 57 62.2 

» Min... 17 57 

9 Sec. . 13 
M. T. of Transit . 8 85 18.5 
Chron. Error 6 6.1 
Chron. Time at Transit. 8 40 22.6 


a Polaris. 


Date, 2nd June, 1867. 
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Sid]. Time M. N. 4 41 66.84 
8 18 36.5 Cor. for Long. E. 22 
8 20 9.5 Cor. for Hours 8 1 18.87 
. Min. 17 2.79 
ee Bec. . 12.56 
8 23 10 
8 24 41 Sidl. Time of | 
825 45 Observations . | 18.0 9.06 
14 10 | Sums. 
8 22 21.6 | Mean. 
§ 6§.1 Chron. Error. 
8 17 16.5 
4 
8 17 14.5 | M. T. of Observation. 
° ‘ ” 
7 South Star 31 30 23.2 
North Star __ 81 380 11.7 
2/68 O 84.9 
Mean Latitude . . ; 31 30 1] : 
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PROBLEM I. 


TO CONVERT SIDEREAL TIME INTO MEAN SOLAR TIME, AND 
THE REVERSE. 


THIS problem is of constant use wherever the periods of solar 
observations are noted by a clock regulated to sidereal time, or 
those of the stars by a chronometer showing mean time. A simple 
method of solution is given in the “explanation” at the end of 
the Nautical Almanac, which has the advantage of not requiring 
a reference to any other work, and also of all the quantities being 
additive. 

The three tables used in this method are those of equivalents ; 
the transit of the first point of Aries in the 19th; and the side- 
real tume at mean noon, in the 2nd page of each month. 

To convert sidereal into mean solar time :— 

To the mean time at the preceding sidereal noon, 1. e. the transit 
of the first point of Aries, in Table XIX., add the mean interval 
corresponding to the given sidereal time, taken from the table of 
equivalents. | 

To convert mean solar into sidereal tume :— 

To the sidereal time at the preceding mean noon, found in 
Table II, add the sidereal interval corresponding to the given 
mean time also from the table of equivalents. 

The mean right ascension of the meridian, or the sidereal time 
at mean noun given in the Nautical Almanac, is calculated for the 
meridian of Greenwich, and must, therefore, be corrected for the 
difference of longitudes between that place and the meridian of 
the observer. 
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One of Mr. Baily’s formule for the solution of the same problem 
1s— 
M=(S— M)—a 
and S=MR+M+A 


Where M represents the mean solar time at the place of observa- 
tion, S the corresponding sidereal time, AR the mean right ascen- 
sion of the meridian at the preceding mean noon, found under 
the head of “ sedereal tume” in page 2 of each month; a, the 
acceleration of the fixed stars given in Baily’s Table VI. for the 
interval denoted by (S— AX); and A the acceleration shown in 
his 7th table for the time denoted by M. 


Examples. 


Convert 8" 1™ 10° sidereal time, March 6, 1838, longitude 
2 21°5* east, into mean solar time. 
Mean time at preceding sidereal noon Green- 4. w. s. 


wich (Table XXII)* . - ele 1A 4419 
Correction for Longitude : 
M. Sz. 8. 
2 21-5 or 1415 “pie 


t:0027305 34362422 
3863 15869986 caiich 
1 4 445763 
Table of Equivalents :— 
nH. M™. 8. A. M. 8. 
8 0 0 7 58 41°3635 
0 1 O 0 0 59°8362 7 59 511724 
0 010 0 O 99727 
Mean time required . . 9 4 35°7487 


* Now table XIX. Nautical Almanac, 1872. 
+ :0027305 is the change in time of sidereal noon in one second ; and °0027379 is 
the change in the sun’s mean right ascension in one second of time, or 9°8565 in one 


hour. 
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Again, to convert 9h 4™ 35°748* mean solar into sidereal time. 
© right ascension at mean noon Greenwich, 


under head of “ Sidereal Time,” Table IT. . 225 §5™ 5°18 
Correction for Longitude E: 
141°5 2°1507564 
*-0027379 34374176 
‘3874 1:5881740 "83874 


22 53 47926 
gh 4m 35°748° solar time, equivalent sidereal . 9 6 52112 


Sidereal time required . . 8 1 100038 


The same examples by Mr. Baily’s formula :— 


M=(S—M)—a 

H. M. Sz 

S= 8 110 
AR=22 55 4°79 
9 6 521 
A (Table VI, Baily) , : . — 1 29°46 
M=9 4 35°75 

Again S=MR+4+M+A 

H. M. Sz 
M= 9 4 3575 
As above, R=22 55 4°79 
7 59 40°54 
A (Table VIL, Baily) . ©. . . . = + 1 29°46 
S= 8 1 10°00 


* See note on previous page. 
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PROBLEM. II. 


TO DETERMINE THE AMOUNT OF THE CORRECTIONS TO BE APPLIED 
TO OBSERVATIONS FOR ALTITUDE, ON ACCOUNT OF THE EFFECTS 
OF ATMOSPHERIC REFRACTION, PARALLAX, SEMI-DIAMETER, DIP 
OF THE HORIZON AND INDEX ERROR. 


THE formula given by Bradley for computing the value of 
atmospheric refraction is 7 = a. tan (Z—Or), where Z represents 
the zenith distance of the object, and @ and 6 constants deter- 
mined by observation ; a, the average amount of refraction at an 
apparent zenith distance of 45° being assumed = 57”; and 
b= 32. 

The formula of Laplace is 
99918827 x c tan Z—001105603 x c tan 'Z, where c is assumed 
= 6066. 

The tables constructed from these formule are of course not 

exactly similar on account of the difference of the constants 
which are also slightly varied in the tables of Bessel, Groom- 
bridge, &c. They all suppose a mean temperature, and mean 
pressure of the atmosphere, corrections being in all cases required 
on account of the deviation of the thermometer and barometer 
from these assumed standards. These corrections are however 
rendered perfectly simple im operation, by the use of any of the 
numerous tables of refraction; those by Dr. Young being given 
in Table IV. in this volume. 
_ The rate of the increase of refraction is evidently, from the 
above formula, nearly as the tangent of the apparent angular 
distance of the object from the zenith in moderate altitudes. In 
very low altitudes (which should always be avoided on this account), 
the refraction increases rapidly and irregularly, being at the horizon 
as much as 33’—more than the diameter of the sun or moon. 

The next correction is for parallax, the explanation of which 
term has been given in page 219. The sign of its value in any 
altitude decreases as the cosine of that altitude; but the parallax 
in altitude may be obtained from the horizontal parallax without 
computation, by the aid of tables, 
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The parallax given in any ephemeris is the equatorial which 
has been shown in page 220 to be always the greatest. The first 
correction, where great accuracy is required, is on account of the 
latitude of the place of observation, but this is seldom necessary 
except in altitudes of the moon. The mean horizontal parallax 
of the sun is assumed = 86; but as our distance from this 
luminary is always varying in different parts of the earth’s orbit, 
this value must be corrected for the period of the year. 
In Table VIII, the sun’s horizontal parallax is given for the first 
day of every month, which will facilitate this reduction, the pro- 
portional parts being found for any intermediate day. In the 
Nautical Almanac, however, this quantity is given more correctly 
for every tenth day. The parallax in altitude, corresponding to 
this horizontal parallax, can also be ascertained by inspection, 
from the same general table. 

The parallaxes of the planets are given for every fifth day, in 
the Nautical Almanac ; but of those likely ever to be found useful 
in observation, Venus and Mars are the only planets to whose 
parallaxes any correction need be applied in observing with small 
instruments. The horizontal equatorial parallax of the moon 
is to be found for mean noon and midnight of every day in the 
year, in the third page of each month, in the Nautical Almanac. 
The corrections for its reduction for the latitude of the place, and 
the moon’s altitude, require from their magnitude more care than 
those of any other celestial body; but in observations at sea the 
former correction is generally neglected, and the latter is much 
facilitated by the use of tables giving the reduction for every 10’ 
of the moon’s altitude.* The example given in this case will ex- 
plain the method of making these corrections. 

The semidiameter+ of the sun is given for mean noon on every 
day of the year, in the second page of every month of the Nautical 
Almanac; that of the moon in the third page of each month for 


* See Table VIII. of Lunar Tables, page 188 of Dr. Pearson's “ Astronomy.” 
Riddle’s Table, p. 154, includes the corrections both for Parallax and Refraction, 
and is useful for ‘‘ clearing the lunar distance,’’ to be hereafter explained. 

¢ All quantities in the Nautical Almanac are calculated for Greenwich time ; 
allowance must therefore be made, where necessary, for difference of longitude, 
which is the same as difference of time. 
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both mean noon and midnight; and those of the planets (which 
are seldom required) in the same table as their parallaxes. The 
correction for semidiameter is obviously to be applied, additive or 
subtractive, wherever the lower or upper limb of any object has 
been observed, to obtain the apparent altitude of its centre ;—the 
moon’s semidiameter increasing with her altitude, from the ob- 
server being brought nearer to her as she approaches his meridian, 
must be corrected for altitude, which can be done by the aid of 
Table VII.* 

The dip of the horizon is a correction only to be applied at sea, 
and is necessary on account of the height of the eye above the 





True “re horizon | 





hie es dip 


Sarface |\of the Ocean cean— —~“Rtarenz bor oa 


sensible horizon (on shore an artificial horizon is always used). 
A larger angle is evidently always observed ; and this correction, 
which can be taken from Table XI, is always subtractive. 

The correction for the index error has already been explained. 


EXAMPLE I. 


On March 15, 1838, the observed double altitude of the sun’s 
upper limb, taken with a sextant, was 42° 37’ 15”, the thermome- 
ter at the time standing at 42° and the barometer at 29°98 
inches. Required the altitude, corrected for semidiameter, refrac- 
tion, and parallax. 


* The augmentation of the moon's semidiameter for every degree of altitude is 
given in Table VII. of Dr. Pearson's ‘‘ Lunar Tables.” Altitudes taken with an 
artificial horizon are obviously double those observed above the sensible horizon. 

+ In rough altitudes, such as those taken at sea for latitude, no correction is made 
on account of the state of the thermometer or barometer. 
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Index Error. 
Reading on the arc. ‘ ; : s : ‘ . 83 40 
Arc of excess , 3 3 , ; ; j . - 80 40 
2)3 O 
Index Error . ; ; : ; : . : . — 1 80 
Refraction. 
91° TableIV. . . . . wee ew 2 805 
1’°8 : : : . : A : 5 : 2 
2 30°3 
Thermometer . : Z : : ‘ : . .- + 24 
2 39-7 
Barometer. z ‘ : ; ‘ : ; : — ‘1 
Corrected Refraction . : ; : d i . & 2 32-6 
Parallaz. 
At 21°, March 15, Table VIII. — . ; ‘ ; . + 81 
Correction for refraction and parallax . : ; oi de 22 24-5 
°o a ae 
Observed double altitude . : : : 42 37 15 
Index error ; ; : : : : ; — 1 30 
2) 42 35 45 
Apparent altitude © ee ew el 21 1G 525 
Semidiameter . ; ; , : : — 16 535 
Apparent altitude 21 1 47 
Correction for refraction and savilla : — 2 245 
Altitude of sun’s centre. : . : : 20 59 22°5 
EXAMPLE II. 


On April 6, 1838, at 9 P.M, Greenwich time, in latitude 51° 30’, 
the double altitude of the moon’s lower limb was observed 
97° 21’ 50”. Index error of sextant, 50”. Thermometer 54°. 
Barometer, 30°1 inc. Required the correct altitude. 
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Semidiameter. 

# 
Horizontal,9 PM. .  . of : - 14 42°8 
Augmentation for 48° 40’°5 rn Se (1) 
14 58°7 

Refraction. 
48° : , ; : : : ; ‘ ‘ - O 623 
55°4 . ; : ; , . ; : — 2 — 17 
50°6 
Thermometer . : ; . ; ; ‘ : ‘ — 4 
50 ‘2 
Barometer . ‘ : ge : ‘ ; - 6 + 2 
50°4 
Parallax. 

Horizontal equatorial, 9 P.M. . : ; e a - 58 59°7 
Corr. for Latitude, 51° 80’. ‘ : ‘s ‘ - « — 6 
Reduced horizontal parallax . ‘ : g ‘ » 58 533 
Sin, 58958"3. 2. www 81952080 
. Cos, 48° 54’88"°0 . ‘ : ‘ . ; ‘ = 9°8177887 
Parallax in altitude* . % er o% : 35’ 25" 8:0129367 


© ? Td 


Observed double altitude . . . . 97 2150 











Index error. : , . or — 50 
2)97 21 0O 
48 40 30 
Semidiameter , + 14 53:7 
48 55 23°7 
Refraction . é ; ’ | , — 6504 
48 54 333 
Parallax ; : : ; : + 35 25 


Corrected altitude required . 2s 49 29 583 











* This might have been obtained at once by inspection, by using the tables of 
Parallax. 
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In these examples no allowance has been made for the dip of 
the horizon, as the observations were made with an artificial hori- 
zon: with the fixed stars no correction is required for semi- 
diameter or parallax. 


PROBLEM III. 


TO DETERMINE THE LATITUDE. 


Method 1st.—By observations of a circumpolar star at the tume 
of its upper and lower culminations. 


This method is independent of the declination of the star 
observed : the altitudes are observed with any instrument fixed in 
the plane of the meridian, or (not so accurately of course) with a 
sextant or other reflecting instrument at the moments of both the 
upper and lower transits of the star; or a number of altitudes 
may be taken immediately before and after its culminations, and 
reduced to the meridian, as will be explained. In either case, let 
Z denote the observed or reduced meridional zenith distance of 
the star at its lower culmination, and r its refraction at that point ; 
also let Z’ and r’ denote the zenith distance and refraction at its 
upper culmination. Then the correct zenith distance of the pole, 
or the co-latitude of the place, will be= 4 (Z + Z') + (r+ 7’). 

According to Baily, a difference of about half a second may 
result from using different tables of refraction. 


Method 2nd.—By meridional altitude of the sun, of a star whose 
declination is known, wnvolving, when several observations 
are made on each side of the meridian, a reduction to the 
meridian. 

The altitude of the sun or star being determined at the moment 
of its superior, transit, as before explained, and corrected for 
refraction, and also for parallax and semidiameter when necessary, 
the latitude required will be— 

Z + D, if the observation is to the south of the zenith. 

D—2Z, if to the north above the pole. 

180—(Z + D) to the north below the pole. 


PROBLEMS. 239 


Z being put to denote the meridional zenith distance, and D the 
declination (— when south). 

This is evident from the figure below, ES, ES’, and Q 8” being 
their respective declinations of the objects S, S’ and S”; and 
PO or ZE the latitude of the 
place of observation, which is. 
equal to (ZS + ES) in the 
case of the star being to the 
south of the zenith Z; or 
E S’ — ZS’, when to the 
north above the pole P; and 
to 180 — (QS” + ZS”) when 
to the north below the pole. 

Perhaps the rule given by Professor Young for the two first 
cases is more simply expressed thus :—Call the zenith distance 
north or south, according as the zenith is north or south of the 
object. If it is of the same name with the declination, their swm 
will be the latitude; if of different names, their difference ; the 
latitude being of the same name as the greater. 





EXAMPLE I. 


On April 25, 1838, longitude 27 30* east, the meridional 
double altitude of the sun’s upper limb was observed with a sex- 
tant 104° 3’ 57”; index error 1’ 52”; thermometer 56°; baro- 
meter 29°4. Required the latitude of the place of observation. 


Refraction and Parallaz. 

" 
61° . ‘ : : ; : : : 47°10 
45’, . : : ? ; ; — 1:23 

45°87 
Barometer ‘ : ; ; . _-— 1°52 

44°35 
Thermometer  . : , : : — 0°56 
Corrected refraction . : ; ; — 43-79 
Parallax ‘ : ; ; : . +  §:29 


— 38°5 
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Declination. 


Apparent noon at Greenwich . 
Change for 2™ 30° longitude 


Observed double altitude 
Index error 


Semidiameter 


Apparent altitudes 


Correction for refraction and availa 


True altitude 


Zenith distance 
Declination North 


Latitude North 


EXAMPLE II. 





13 8 9°30 

0 0 2°04 

13 8 7:26 
104 3 57 
— 01 82 
2)104 2 5 
52 1 25 
015 544 
5145 81 
0 0 385 
51 44 29°6 
99 0 0 
88 15 30-4 
13 8 73 


51 23 37°7 


On March 31, 1838, at 54 12™ 57s by chronometer, the meridian 
altitude of the moon’s upper limb was observed 67° 1’ 5”; the 


index error of instrument being — 1’ 0”; 


barometer 30:1 inc; 


thermometer 51°; the approximate north latitude was estimated 
52°, and longitude 2™ 21’ 5” E. Required the latitude.* 


* The number of corrections required, and the necessary dependence upon Lunar 
tables, render an altitude of the moon less calculated for determining the latitude 


than one either of the sun or a star. 
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Semidiameter. 
Horizontal, noon. =. www wt CdS eB 
Do. midnight. ‘ : ‘ . . . 15 19°8 
Difference in 12 hours . ; : - O 69 
Proportion for 5* 12" 57°, and 2™ 21: 5° ingen: - « O 30 
Horizontal semidiameter at time of observation . ; ; 15 28°2 
Augmentation for altitude ‘ : f ‘ ; . + 0 14:3 
Corrected semidiameter . ‘ : ‘ ; ‘ ; ; 15 37°5 
Refraction. 
66° = ‘ , ‘ : ; ; 25°9 
445= , : ; : ‘ an i) 
25-0 
Barometer ‘ ; ‘ : - + 09 
Thermometer ; : ; - . — 06 
Refraction . 3 ; ‘ ; ; 25°03 
Parallax. 
, " 
Horizontal equatorial parallax, noon . é & . . 56 388°9 
midnight . ‘ ; ; . 56 186 
Difference in 12 hours . ‘ : ; ; : : . . 0 258 
Corrected for 5" 12 57%, and 2™ 21:5" E. longitude . . «+ 56 27°9 
Correction for latitude (see 4th Lunar Table, Pearson) . -. 0 FI 
Horizontal parallax ; os 6 ehhh ele (5B 208 
Log. sin semidiameter 56’ 20” 8 é ; . . 8°2146006 
Log. cos altitude . 66°44 2"5 . . . 9°5966081 
Parallax in altitude. 22715"°5 . ; . . 7£°8112087 
Or by the use of Table VIII., Dr. Pearson . : . ; ~ 22 15°1 
Declination. 
h. m. 8. 
Time of observation . ; j ‘ : ‘ ~ « 512 57 
Longitude (in time) . . . 2 ’ : ‘ - O 2 21°5 
Corresponding Greenwich mean time. é ‘ - - 510 3555 
At, FN 88 29 877 
1075 . ; . ‘ ‘ ‘ . : + 0 O 16°97 
28 29 54°67 


R 
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o 4 Ww 





Apparent altitude ) em oe ee Ped 67 1 5 
Index error. : . . i ; ..—- 01 0 
67 0 50 
Semidiameter . : ; ; ‘ .— 015 3735 
Apparentaltitude . . . . . . 66 44 27:5 
Refraction : : ‘ : ‘ . .— 0 O 2590 
66 44 2:5 
Parallax . ; . : : ; . . +t O 22 155 
Corrected altitude . : : ; : : 67 6 18 
90 0 0 
Zenith distance . ; : : 3 43 22 53 42 
Declination. ; ; : : : . + 28 29 5467 
Latitude required . «© . . .. 51 23 36°67 


CIRCUM-MERIDIAN ALTITUDES. 


An observer not furnished with a mural circle, or other instru- 
ment fixed in the plane of the meridian with which to measure 
meridional altitudes, can obtain his latitude more correctly than 
by observing a single approximate meridional altitude with a sex- 
tant or other reflecting instrument, by taking a number of altitudes 
of the sun or a star near to, or on each side of the meridian, and 
from thence determining the correct altitude of the object at the 
time of its culmination. 

This method, termed that of “ circum-meridian altitudes,” to 
the mean of which altitudes is to be applied a currection for its 
“reduction to the meridian,” is susceptible of great accuracy ; 
and the repeating circle, already described, is peculiarly adapted 
for these observations, on account of the rapidity with which they 
can be taken. The distance from the sun or star from the meridian 
(in time) is noted at the moment of cach observation, by a chrono- 
meter when the former is the object, and by a sidereal clock (if 
there is one) when the latter, to save the conversion of one 
denomination of time into the other. The formula given by Mr. 
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Baily, freed from the second part of the equation which it is 


seldom necessary to notice, is— 


eS A og OP coos 


where 
sin Z 


x represents the required correction in seconds. 

L, the latitude (known approximately). 

D, the declination (minus when south). 

Z, the meridional zenith distance, also known approximately 
from the above. 

A, a quantity depending on the horizontal angle of the object, 


and given in Table XIII. under the head of “ Reduction to the 
2 sin* 4 P 
~ sin 1" 





meridian,” being = where P = the horary angle at the 
pole as shown by a well regulated clock ; which angle will change 
its sign after the meridional passage of the star. (See page 247.) 

Among the instructions drawn up by Mr. Airy for the guidance 
of the officers employed upon the survey of the North American 
Boundary, this method of determining the latitude with the 
altitude and azimuth instrument is recommended, and was con- 
stantly practised with stars near the meridian. The axis of the 
instrument is to be adjusted nearly vertical, and the cross axis 
nearly horizontal (great agcuracy is not required), the telescope 
made to bisect the star upon its middle horizontal wire, and the 
time noted. Then read the large divisions with the poimter, and 
the two microscopes A and B; read also the level right hand and 
left hand. — 

Turn the instrument 180° in azimuth, and repeat these observa- 
tions—revert to the first position, and continue this process as often 
as may be thought necessary—note the barometer and thermometer 
—then add together— | 

Reading of A. 

Reading of B. 

And equivalent for left-hand level. 

Subtract equivalent for right-hand level. 

Divide the remainder by 2, and apply the pointer reading of A 
for the uncorrected circle reading for the first observation. 

The same process is repeated for the second and all the other 


observations. 
KR 2 
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For each observation correct the chronometer time for rate and 
‘error, and convert this into (if not already showing) sidereal time ; 
take the difference between the sidereal time and the star’s right 
ascension for the star’s howr angle, which reduce to seconds of 
time and call p. 

Then compute for each observation the number 


(= a 1”) cos Lat. x cos Star's Declination ; 
2 X ——sin Star's Zenith Distance , 


which is the correction in seconds of arc to the observed zenith 
distance to bring it to the true meridian zenith distance, and 1s 
always subtractive, except the star is below the pole. In applying 
this correction however to the circle readings, it will be additive, 
or subtractive, according as by the construction of the circle, 
increasing readings represent increasing or decreasing zenith 
distances. 

Half the difference of two corrected readings in opposite positions 
of the instrument is the star's apparent zenith distance on the 
meridian ; or the mean of all the observations in one position may 
be compared with the mean of all those in the other, and half 
their sum is the zenith point. 

To this zenith distance add the corre¢tion for refraction, taking 
into consideration the readings of the thermometer and barometer, 
and apply the star's declination for the day (from the Nautical 
AJmanac) for the latitude. 

The above instructions* apply only to stars observed near the 
meridian. The latitude can, however, be obtained by similar 
observations of stars situated very far from the meridian, though 
this method would very seldom be resorted to. 

When the sun is the object observed, a further correction must 
be made on account of the change in declination during the time 
occupied by the observation, which is expressed by 


yea WwW 


nr 


—S 





* See ‘‘ Corps Papers,” vol. iii. p. 328, where will also be found examples worked 
out in detail, of latitudes thus obtained on the survey of the North American 
Boundary. 
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S being the change of declination in one minute of time (minus 
when decreasing) expressed in seconds. 

E the sum of the horary angles observed to the east, expressed 
an minutes of time, and considered as integers. 

W their sum to the west, and 

m the number of these observations. 

When a star is the object observed, and the time is noted by a 
chronometer, regulated to mean time, the value of A must be 
multiplied by 10054762. Also, if the clock does not keep its rate 
either of sidereal or mean time accurately, a further correction 
is imperative; and A must be multiplied by 1+ °0002315 17, 
where 7 denotes the daily rate of the clock in seconds, minus 
when gaining, and plus when losing. 


EXAMPLE. 


On March 8, 1837, the following observations were taken, with 
a sextant, the chronometer being fast 9 16°; index error of 
sextant, —1’ 20”; barometer, 29°54; thermometer, 50°. 


° 4 " 


H. M. 8. 
DO... . 18 948) . . .  . 68 8 0 
20. . .. Saran . . . 66 51 20 
856. «w:~C~«<CSS:*=‘“atié‘t CCDC“ ttt CB 
40. . .. a - . . 67 025 
550. wt~«<Csé‘zUCd HR GY tCBC «10 
6O. . .., erie - . . . 67 1:50 
756. 7.) 019 82) we. 87 80 
gO. . .. 021 34 - . . . 67 210 
96. . . 022295) . . . . 68 7 20 
wo. . .. a at ye. 67 125 
lO . . . 02% 58) . . . . 68 710 
wo. . .. eet ye. 67 0 40 
Bo . . . 02757) . . .. . 68 5 40 
40. . .. 029382f. . . . . 6658 0 


—aeeeee eee Oe 


Sum of altitudes 945 37 20 
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So ’ " 


14) 945 37 20 








67 32 40 
Index error . , . om 120 
2) 67 31 20 
Mean apparent altitude . : . . 383 45 40 
*Refraction and parallax. : : . — 1185_ 
True mean altitude . . . B33 44 215 
90 0 0 
Zenith distance . . ; . 56 15 385 
Apparent noon ; . . 12 0 0 
Equation of time . . , .+ 011 1:32 
Mean time at apparent noon . . . 1211) 1:32 
Error of chronometer . : y : _+ 0 9 16 
Time shown by chronometer at apparent noon. . 12 20 17°32 
Observ. | Distance from noon. Value of A, Table XIII. 
M. 8. 
1 10 293 E. 216°1 
2 9 243 173'8 
3 8 83 130°2 
4 7 23 97°3 
5 5 313 59°9 
6 4 23:3 37°9 
7 0 45:3 1:2 
8 0 45:7 W. 12 
9 2 377 13°5 
10 3 377 25°9 
11 4 35°7 41:3 
12 6 67 13°4 
13 7 397 1152 
14 9 147 167°8 
7) 11547 
2) 164-95 
Mean value of A = 82°5 





* The process by which this and other corrections are obtained is omitted, having 
been fully explained by the preceding examples. 
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Approximate zenith distance Z ... 56° 15’ 
Declination D . . . —4& 50 
Approximate latitude L 51 25 
Co. L= ... a ee . « « 9°7949425 
Cos. D= . - ee 99984465 
Ar. comp. sin. Z= : ‘ . . 0°0800783 
Log. A, 825= et . s . 19164539 
Log. 616 (z)= . . . 1°7899212 
, Ba it E — W, 
Correction for change in declination is — S x ~ ~~ page 244. 
Angles East 45.7 Sum of 1 to 7) observations in preceding 
West 34.6 »  8tol4) pages expressed as in- 
—s tegers. 
n= 14)11.1 
0.8 


S= — 0°97. See pages 245, first paragraph. 


—0”776=correction in seconds for change of sun’s 


declination. 
Mean observed zenith distance . : : ; 56 15 385 
Correction x : : : ; ‘ & 8 — 1 16 
Ditto for declination . ; ; — 0 07 
Correct meridian zenith distance . : ol 56 14 36:2 
Declination south . : : ; : . — 4 50 349 
Latitude. : : : ; ; es 51 24 13 


Method 3rd.— By the altitude of the pole star, at any time of 
the day.* 
If the altitude of the pole star can be taken when on the 
meridian, its polar distance either added to, or subtracted from, 


* This of course is only applicable to northern latitudes, In the southern 
hemisphere there is no star sufficiently near to the south pole to be made available in 
thus determining the latitude. 
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the altitude, gives at once the latitude; and when observed out of 
the meridian, as at the point S or S’ in the figure, the latitude can 
be easily obtained, as follows :— 

Let Z PO represent the meridian, Z the 
zenith, P the pole, and a S a’ the circle described 
by the polar star S, at its polar distance PS. 
The star’s horary angle Z PS, or Z PS, is 
evidently the difference between its right as- 
ension and the sidereal time of observation ; 
and in the spherical triangle ZPS (or Z PS’) we have ZS, PS, 
and the angle Z PS; to find Z P, the co-latitude. The result may 
be obtained with almost equal accuracy by considering PSc as a 
plain right-angled triangle, of which P c is the cosine of the angle 
c PS to radius PS, the distance Pc thus found is to be added to, 
or subtracted from, the altitude H S, according as the star is above 
or below the pole, which is thus ascertained :—If the angle Z PS’ 
be less than 6, or more than 18 hours, the star is above the pole, 
as at S’; if between 6 and 18 hours, it is below the pole, as at S. 

By the tables given in the Nautical Almanac, the solution is 
even more easy, and has the advantage of not requiring any other 
reference. The rule is as follows: 





Ist. From the corrected altitude subtract 1’. 


2nd. Reduce the mean time of observation at the place to the 
- corresponding sidereal time. 

3rd. With this sidereal time take out the first correction from 
Table I., with its proper sign, to be applied to the 
altitude for an approximate latitude. 

4th. With this approximate latitude and sidereal time take out 
from Table II. the second correction ; and with the day 
of the month and the same sidereal time take from 
Table III. the third correction. These are to be always 
added to the approximate latitude for the latitude of 
the place. 


EXAMPLE. 


On Oct. 26, 1838, the double altitude of Polaris, observed with 
a repeating circle,.at 11° 55" 30° mean time, was 105° 44’ 53”, the 
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barometer standing at 29; thermometer, 50°. Required the 


latitude of the place of observation. 


By the method given in the Nautical Almanac,— 


H. M. Ss. 
Mean time . : ; ; : ; 11 55 380 
Corresponding sidereal time eh ote 215 6°78 
Observed altitude . ; om 2 : . 2) 105 44 53 
52 52 26°5 
Refraction . ; ; : ; . . —- 0 O 44 
Corrected altitude : : ; : : 52 51 42°65 
Subtract . ; : ; ; : e. 4 0 1 0 
52 50 42°5 
Correction Ist for sidereal time : . — 1 28 21:7 
51 22 208 
Correction 2nd . : : . ; . . +0 O 96 
51 22 30-4 
Correction 3rd + 0 1 105 





The same example-by spherical trigonometry : ~ 


o ’ " 





Latitude required 51 


23 40:9 


3 —_ 


Corrected altitude : . : . . 8&2 51 429°5 

Zenith distance . . 37 8175ZS 

Declination . ; : . : . . 8827 76 

N. P. distance . : ; : . . 1 82 524 P : 
H. M. 8, 

Sidereal time ; : ; . » . 215 678 

R. A. Polaris. : : ‘ ‘ . 1 2 12°94 

Hour angle past meridian. : . . 112 53°84 


Equal in space to : ~  »  . 18°13 27” 
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Then in the triangle Z P S, we have— yo 
ZS= : ; ‘ , ‘ . 87 8175 
PS=> 4 « # « « # 2 & 282-504 
AngleeP= .. .  .  . 18 13 27 


To find Z P, the mpelatiide;. 
The solution of which triangle gives— 


oO 4 A 
ZP= ; . ; . 88 36 21 
And latitude . . 51 28 39 


By considering S P c, as a plane right- 
angled triangle, in which Pc, the correc- 
tion to be subtracted, is the cosine of P to 
radius PS, the latitude is found by plane 
trigonometry within a few seconds of the above results. 





Method 4th—By an altitude of the sun, or of a star, out of the 
meridian, the correct time of observation being known. 


Zz By reference to the figure, it will be 
seen that this method simply involves 
the solution of the spherical triangle 
ZPS already alluded to, formed by the 
zenith, the pole, and the object at the 

S time of observation; of which ZS, the 
zenith distance, PS, the polar distance, and the angle at P are 
known, and Z P, the co-latitude, is the quantity sought. 

The formula given by Baily, for finding the third side, when 
the other two sides and an angle opposite to one of them are 
given, 1s 

tan a’ = cos given angle x tan adjacent side 
ene cos a xX cos side Opp. given angle 
cos side adjacent given angle 


and 7 = (a’ + a”), which formula is used in the following 
examples : 
EXAMPLE I. 


On May 4, 1838, the observed altitude of the sun’s upper limb 
at 5" 47" 158 by chronometer was 14° 44’ 58”. The index error 


- 
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of the sextant being 28”, and the watch 3™ 34*4 too fast. Baro- 
meter 29:°9; thermometer 61 ; required the latitude. 


My 








Apparent altitude O 14 44 58 
Index error... ee : . .- 0 0 2% 
14 44 30 — 
Semidiameter . , - 4 -— 015 522— 
Apparent altitude ® | 2. 2 14 28 378 
Refraction and parallax . , : -— 0 3 281, 
Altitude. ; . x 1425 97 
900 0 
Zenith distance (ZS) __.. ’ , 75 34 503 
Declination ; se 15 59 14 
90 0 0 
North Polar distance (PS). 74 0 46 © 
) . hom os 
Mean time of observation . , ede 5 43 40°6 
Equation of time. ’ : ok 3 24-46 
Apparent time . , ; 2 4 547 5°06 
pe = 00 
In space 47™ = 1145 O 
506 = 0 1159 
AngleP .. : a 86 46 15:9 
oO a 7 
CosP.. fo 86 46159. 8°7506671 
Tan PS. 74 (0 46 ; a 0°5428692 
Tana’. oo ll 7 17 : ; . 92935363 
Cosa? =. w CO 7 17—~<“‘<i‘“CS::ti‘C:;CS:S*C« 9917668 
Cos ZS . ee 75 34 503 ~—C : 9:3962296 
Ar. comp. P. . Te 046. - . 05599998 
Cosa”= .. 2728586 . . . 99479962 
a’ : ; 1l 717 
a” . . + 27 28 586 
PZ=a +a0”=. 38 36 156 
90 0 0 


Latitude required 51 23 44-4 
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When the sun is the object observed, the hour angle P (as in 
the last example) is the apparent time from apparent noon at the 
place of observation, converted into space ; but with a star, it is its 
distance from the meridian, either to the east or west according as 
it has or has not come to its culmination; and this angle is simply 
the sum or difference of the star’s right ascension, and the time 
of the observation converted into sidereal time; to be multiplied 
by 15 for its conversion into space. 


Method 5th—By two observed altitudes of the sun, or a star, 
and the interval of tume between the observations. 


This problem is of importance, as its solution, though long, 
does not involve a knowledge of the correct time at the place of 
observation ; and the short interval of time can always be measured 
with sufficient accuracy by any tolerable watch. Various methods 
have been devised to shorten the calculation of “ double altitudes ” 
by tables formed for the purpose, one of which may be found at 
p. 231 of Riddle’s “ Navigation ;” but the direct method by 
spherical trigonometry is most readily understood and easily 
followed. 

Let S and S’ represent the 
places of the object at the times 
of the two several observations, 
(they may be on _ different 
sides of the meridian, or, as in 
the figure, both on the same 
side); ZS and ZS’ then are 
their respective zenith distances, 
and PS and PS’ their polar 
distances ; S PS’ beimg the hour angle observed. 

First—In the triangle PSS’, the two sides PS and PS’ are 
given with the included angle at P to find SS’ and the angle 
PSS’. Again, in the triangle ZSS’, we have the three sides to 
find the angle ZSS’, which taken from PSS’ just found, leaves 
the remaining angle PSZ. Lastly—in the triangle PS Z we have 
PS, ZS, and the angle PS Z, to find PZ, the co-latitude sought. 
In a similar manner the latitude may be found by stmultaneous 
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altitudes of different stars, the difference of their right ascensions 
giving the angle S PS, without the use of a watch. Tables have 
been calculated by Dr. Brinkley, from which the distance SS 
can be obtained by inspection (allowing for the change in the 
right ascension of the stars after any long interval), and the 
calculation is thus considerably abridged. By an azimuth and 
altitude instrument, the latitude may also be found by the two 
_ altitudes, and the difference or sum of the observed azimuths of 
the sun or star. 

Equal altitudes of the same star on different sides of the 
meridian, with the interval of sidereal time between the obser- 
vations, also furnish the means of ascertaining the latitude, and 
this method is most useful in a perfectly unknown country. The 
hour angle, east or west, will evidently be measured by half the 
elapsed interval of time; and in the triangle Z PS, we have this 
hour angle ZP §, the polar distance PS, and the co-altitude ZS, 
to find Z P the co-latitude ; moreover the hour angle being known, 
and also the right ascension of the star, the point of the equi- 
noctial which is on the meridian, and consequently the local 
sidereal time is determined, from which the mean time can be 
deduced. 

The latitude may likewise be ascertained, independently of the 
graduation of the instrument, by placing the aave of the telescope 
of an altitude and azimuth circle* due north and south, so that 
the vertical circle shall stand east and west. The observations of 
the two moments T and T’ (in sidereal time), in which the star 
passes the wire of the telescope, will give the latitude from 
the following formula. 


Cot L = cot declination x cos } (T—T’). 


If a chronometer set to mean time is used, the interval (T—T’) 
must be multiplied by 1:0027379, or the value corresponding to 


* A portable transit placed in the plane of the prime vertical, instead of that of the 
meridian, of course affords the same facility for thus determining the latitude. The 
stars selected should have their declinations less than the latitude of the place, but 
by as small a quantity as possible. 
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the interval, found in the table for converting mean into sidereal 
time, must be added.* 

The accuracy of this method depends upon the correctness of 
the tabulated declination of the star, but a slight error in this will 
not affect the difference of latitude between two places, thus found. 
By observing on following days with the axis reversed, and taking 
the mean of the observations, any error in the instrument is cor- 
rected ; this method is particularly recommended by Mr. Baily for 
adoption in geodesical operations, as the difference of latitude of | 
two stations is obtained almost independently of the declination 
of the star, and the only material precaution to be taken is in 
levelling the axis of the telescope, which should be one of very 
good quality. 


PROBLEM IV. 
TO FIND THE TIME. 


Method 1st—From single, or absolute altitudes of the sun, or a 
star whose declination is known, as also the latitude of the 
place. | 


This problem is solved by finding the value of the horary 
angle P, in the same “astronomical triangle” Z P 8, whose ele- 
ments have already been described. In this case, the three sides, 
viz., the co-latitude, the zenith, and polar distances, are given to 
find the hour angle P, which, when the sun is the object observed, 
will (as was explained in page 252) be the apparent time from 
apparent noon at the place of observation ; and it is converted into 
mean time by applying to it the equation of time with its proper 
sign. In the case of a star, it will denote its distance in time from 
the meridian, which being added to its right ascension, if the 
observation be made to the westward of the meridian, or subtrac- 
ted from the right ascension (increased by 24 hours if necessary) if 
to the eastward, will give the sidereal time, to be converted into 
mean solar time if required. 


* Table VII. Baily’s Astronomical Tables and Formule. 
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The more accurate system is to obtain the time from two sets of ~ 
observations on east and west stars ; by which all errors instru- 
mental, personal, or due to refraction are obliterated: see forms at 
page 228. 

A simple formula for finding the angle of a spherical triangle 
sin (4 S — c) (sin $ S—D) 
sin c. sin b 
where S denotes the sum of the three sides a,.b, and c; of which a 
is assumed as the one opposite the required angle. In the present 
case @ represents the co-altitude or zenith distance ; b the co-decli- 

nation, or polar distance ; and c the co-latitude. 


whose three sides are given is sin? } P= 


EXAMPLE. 
Observed altitude of the upper limb of the sun on May 4, 
1838, was 14° 44’ 58” at 55 47" 15* by chronometer ; latitude 
51° 23’ 40”; longitude 2™ 21°5* east ; index error of sextant 28”. 


Th : 6 : 
B elena to } Required the error of the watch. 
Observed altitude . . . 14°44 58" 
Index error. . .—- 0 0 28 
14 44 30 
Semidiameter at 6° 755 ; 0 15 52:2 
Apparent altitude @ . : 14 28 378 
Correct. refrac". and parallax . — 0 3 281 
True altitude. : ; 14 25 9°7 
90 0 O 
Zenith distance (ZS). . . Th 84 503 
Latitude. : 51° 23’ 40’ 
90 0 O 
Co-latitude (PZ) . x & 38 36 20 
. —— oO 7 WW 
Declination : ; ; , 15 59 142 
90 O O 


N P Distance (P 8) 4 74 0 458 
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(a) ZS = 75°34’ 503 
(6) PS= 74 0 458 ° 
(c) PZ= 38 36 20 


S = 188 11 56:1 


IS = 94 558 
c = 38 36 20 _ sin. ar. comp. 0°2048465 
43S—c = 655 29 38 _ sine 99159620 
6 = 74 0 45 8 sin. ar. comp. 0°0171307 
45—b = 20 5 12 2 sine 95358540 
sin’ $P =. ~—..: 2)19°673'7932 


sin. $P. 43° 23’ 8” -5 9°8368966 
2 ——————— 


*Hour angle P = 86 46 16 ‘2 








oO , "7 
Equivalent in apparent time to . : a 5 47 5:06 
Equation of time at time of observation . : 0 3 2446 
Mean time . : : - we 5 43 40°60 
Time by chronometer , : 5 47 15 





Chronometer fast . : ; ; 3 0 3 3440 


Method 2nd.—From equal altitude of a star or the sun, and 

the interval of time between the observations. 

If a star is the object observed, it is evident that half the inter- 
val of time elapsed between its returning to any observed altitude 
after its culmination, will give the moment of its passing the 
meridian without any correction, from whence the error of the 
clock or chronometer is at once found. But with regard to the 
sun, there is a correction to be applied to this half interval, 


* The most favourable time for observing single, (or absolute, ) altitudes of the sun 
or stars to obtain the local time, is when they are on or near the prime vertical, 
since their motion in altitude is then most rapid, and a slight error in the assumed 
latitude is not of so much consequence. The corrections for the refraction, however, 
are then often considerable. The same observation will of course give the azimuth Z, 
and also the variation of the needle, if the magnetic bearing of the star or of either 
limb of the sun, is taken by another observer at the same moment as the altitude. 
This will be further explained. . 
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on account of his constant change of declination. From mid- 
winter to midsummer the sun gradually approaches the North 
Pole, and therefore a longer period will intervene after, than 
before noon,—between the sun’s descent to the same altitude in 
the evening as at the morning observation: and the reverse 
takes place from midsummer to midwinter. The amount of this 
correction depends partly upon the change of declination (propor- 
tioned to the interval of time on the day of observation); and 
partly upon the latitude of the place.—The difference of the sun’s 
horary angles at the morning and afternoon observations is easily 
calculated by the following formula of Mr. Baily’s :— 


x= + Aétan L + B83 tan D, where 

T = the interval of time expressed in hours ; 
T 

A* = 1440 sin. 7} T. 
T 

B*=1440 tan. 74 T. 

L, the latitude of the place, minus when south ; 

D, the declination at noon, also minus when south ; 

8 the double daily variation in declination in seconds, de- 
duced from the noon of the preceding day to that of the following, 
minus when the sun is proceeding to the south ; and 

x = the required correction in seconds, A being minus when 
the time of noon is required. 


The result is of course apparent noon, to which must be applied 
the equation of tyme, in order to compare a chronometer with 
mean noon. 

In an observatory, or wherever a transit or other instrument is 
fixed in the plane of the meridian, the easiest and most accurate 
mode of obtaining the true local time is by observing the transit 
of the sun or a star over the vertical wires of the telescope. With 
the sun, the mean of the times of both leading and following limbs 
gives the transit of the sun’s centre, which is apparent noon, to 
which the equation of time + or — has to be applied to obtain the 
mean time. 

When the transit of a star is obtained, the sidereal time at pre- 


* The logs of A and B will be found in Table 14. For the method of obtaining 


the formula, see ‘‘ Loomis,” p. 129, or ‘‘ Woodhouse,” p. 791. 
8 
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ceding mean noon taken from the Nautical Almanac, corrected for 
longitude (see page 231) is to be subtracted from the star's R A 
(to which 24 hours is to be added, should this latter be the smaller 
quantity), and the difference is the interval of sidereal time after 
mean noon, which interval corrected into its equivalent of mean 
time gives the true local time. For an example of the method of 
recording these transits, see the form pages 287 and 290. 

The same result can be approxvmately obtained with a sextant 
by noting the moment when the upper or lower limb of the sun, 
or @ star, appears to cease rising.—The observation must be com- 
menced before the time of the object’s culmination, and the 
reflection of the images kept in contact by the gradual forward 
motion of the tangent screw until the images tend to overlap 
instead of receding. 

If the rate only of a chronometer is required, it can be obtained 
by observing the transits of a star on successive days, or by equal 
altitudes of the same star, on the same side of the meridian, on 
different evenings ; as a star attains the same altitude after each 
interval of a sidereal day, which is 3™ 56°'91° less than a mean 
solar day; but if the refraction is not alike on the days of observa- 
tion, a correction will be required. 

By reading the azvmuths, when the sun or a star has equal alti- 
tudes we obtain the true meridian line, which will be again 
alluded to. Very frequently the afternoon altitude cannot be 
observed on account of intervening clouds, but the time can still 
be calculated from the observed single altitude, as in the last 
problem. 


PROBLEM V. 
TO DETERMINE THE LONGITUDE. 


The usual method of finding the longitude at sea is by com- 
paring the local time, found by observation, with that shown by a 
chronometer whose error and rate for Greenwich mean time are 
known. The accuracy of the result depends of course upon the 
chronometer maintaining a strictly equal rate under all circum- 
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stances, which cannot always he relied upon,* and various methods 
have been resorted to, to render the solution of this most import- 
ant problem independent of such uncertain data, or at all events 
to afford frequent and certain checks upon its correctness. Any 
celestial phenomenon which should be visible at the same pre- 
dicted instant of time in different parts of the globe would of 
course furnish the necessary standard of comparison, and all the 
methods in use for determining the longitude are based upon this 
foundation ; but they are not generally practicable at sea, with the 
exception of that derived from the observed angular distances 
between the moon and the sun, or certain stars, which are 
calculated for every three hours of Greenwich time, and which 
lunar distance is measured with a sextant, or other reflecting 
Instrument. 

ARTIFICIAL SIGNALS have been resorted to as a means of ascer- 
taining the difference of longitude, with considerable success, 
between places not separated from each other by any very 
considerable distance. In the Philosophical Transactions for 1826 
is an account drawn up by Sir J. Herschel of a series of observations 
made in the summer of 1825, for the purpose of connecting the 
royal observatories of Greenwich and Paris, undertaken by the 
Board of Longitude, in conjunction with the French Minister of 
War. The signals were made by the explosion of small portions 
of gunpowder t fired at a great elevation by means of rockets, from 
three stations, two on the French, and one on the English side of 
the Channel; and were observed at Greenwich and Paris, as well 
as at two intermediate places, Legnieres, and Fairlight-Downs 
near Hastings. The difference of longitude thus obtained, 
9’ 21-6", is supposed by Sir J. Herschel to be correct within one 
tenth of a second, and the observations were taken with such care 
that those of the French and English observers at the intermediate 
stations only differed one-hundredth part of a second. 


* It is usual to have several chronometers on board, and to take the mean of those 
most to be depended upon. If one varies considerably from the others it is rejected. 
+ Flashes of gunpowder upon a metal plate are visible at night for a very consider- 
able distance, upwards of 40 miles,—this method is far superior to firing rockets, — 
the quantity may be from 4 to 16 drachms or more for moderate distances, and a 


quarter of a pound for long ones. 
8 2 
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At page 198 also, of Francceur’s “Géodésie,” is a description of 
similar operations for the purpose of ascertaining the difference of 
longitude between Paris and Strasbourg. In operations of this 
nature, it is only necessary that the rates of the chronometers used 
should be uniform for the short period of time occupied by the 
transmission of the signals. 

Suppose A and B are two places, whose difference of longitude 
is required, and that they are too far distant to allow of one signal 
being seen from each— 


East ae se 8° West. 

a2 2 & TR ”~—COB 

C and D are taken as intermediate stations, and the first signal 
made at S, is observed from A and C, and the times noted; the 
second signal at 8’, is observed from C and D, some fixed number 
of minutes after; and then that at S” from D and B. Suppose 
these two intervals to have been five minutes each, then the 
difference of longitude is equal to the difference between the local 
time at A + ten minutes, and that observed at B at the moment 
of the last signal. Everything in this operation depends upon the 
correct observation of the times, which should be kept in sidereal 
intervals, or reduced to such ‘if observed with a chronometer regu- 
lated to mean time. 

TRANSPORTATION OF CHRONOMETERS.—When, instead of the 
two or three chronometers generally taken on board every ship, a 
number of these instruments, whose rates and errors have been 
previously carefully ascertained, are conveyed from one meridian to 
another, the comparison of the mean of the time shown by the 
chronometers with the local time at each place, affords the means 
of determining with considerable accuracy the difference of their 
longitudes ; this mode is much practised at present on board 
surveying vessels,* for measuring the respective meridian distances 
between a number of maritime towns, ports, and other places on 
the sea-coast of distant countries. On shore the difference of 
longitude between two stations can also be determined with pre- 
cision by the transmission of pocket chronometers between them; 

* On board H.M.S. Beagle, employed as a surveying vessel principally on the 


coasts of Australia and Van Diemen’s Land, there were at one time as many as 
twenty-one first-rate chronometers. 
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provided the errors of the box chronometers or clocks at these 
stations on sidereal time, and their rates,* have been carefully 
ascertained by transit observations. Where the distance is not 
very considerable, the operation consists simply of comparing 
several pocket chronometers with the standard instrument at one 
of the stations, and then sending them t with the greatest care to 
be compared with the clock or chronometer at the other station, 
to be returned immediately for another comparison at the starting 
point; which process of transmission should be repeated several 
times. 

When the time occupied by this operation is considerable, 
more than four or five days, for instance, the accuracy of the result 
will be increased by stationing a careful assistant at a post 
midway between the two extreme stations with a box chronometer 
with which the transmitted pocket chronometers are to be com- 
pared. Mr. Airy recommends commencing from this central 
position, sending the pocket chronometers (divided into two 
batches) simultaneously for comparison to the two principal 
extreme stations, and comparing them again on their return, at 
nearly the same time, at the intermediate point; by which modi- 
fication, the time through which reliance is placed upon the 
pocket chronometers is diminished one-half, and very little 
dependence is made to rest upon the steadiness of the performance 
of the box chronometer at the central place of observation. 

This method of obtaining the difference of longitudes of two 
distant places would, it is imagined, seldom be resorted to where 
the distance was very great, and where an intermediate station 
was found necessary. On the North American Boundary Survey 
the second method was never tried, but the first and more simple 
process of direct transmission and comparison between the two 
stations was constantly practised with great success. One 
example has been selected from Major Robinson's report, calcu- 
lated according to the directions drawn up by Mr. Airy, each of 
the three comparisons recorded being the mean of 82x observations. 


* Pocket chronometers generally have a different rate when transported from place 
to place, either by Iand or by sea, from that which they maintain in an observatory. 

+ This should be done directly after the error of the standard chronometer has 
been tested by observations with the transit instrument. 





CALCULATION FOR DIFFERENCE OF LONGITUDE BETWEEN ST. HELEN’s Ishanp, MONTREAL, AND St. RxGIs. 





First Comparison. 





H. M8. H. M. 8. : 
Standard Chronometer (943). 2 42 43°18 Standard Chronometer (841). 5 43 56°82 Standard Chronometer (948) . 2 56 
Pocket Chronometer (2187) . 20 44 0 Pocket Chronometer . . 238 48 0 Pocket Chronometer . ‘ . 20 50 
Difference . - & 58 43°18 Difference . ‘ - 6 O 56°82 Difference 6 6 
; D oH. M. D. 4H. 
Difference on Return. - 6 6 19°76 #£Dateof Return. . . 24 20 50 Intermed. date of Comparison . 23 23 
Do. at first comparison . 5 58 43:18 Date of first Comparison . 22 20 44 Date of first Comparison . . 22 20 
0 7 86°58 2 0 686 Intermediate interval . 1 2 
H OM. M. 8. H. M. M. 8. H M. 8 
48 6 7 36:58 :: 26 59 4 16°12 Difference at first Comparison . - 5 58 43:18 
60 60 . 60 Add proportional part of intermediate interval. 0 4 16-12 
2886 456°58 1619 6 2 59-30 
H. M. 8. 
No. 943 faster than 2187 6 2 59°30 
No. 341, 2187 6 0 56°82 
No. 9438, 341 : ‘ : - O 2 2°48 
H. M. 8. H M. 8. 
Reading of 943 2 42 43°18 Corresponded to ee of 341. . 2 40 40°76 
943 slow. 0 1 24°85+ ”. 341 fast .° - O 0 §6°33— 
Rate, losing 2°°17 per diem for 32 hours 0 0 2°89+ Rate, gaining 1°:19 per diem for 59 hours. 0 0 2:92— 
True Sidereal Time by 943 . » 2 44 10°92 True Sidereal Time by 2187 2 89 41°45 
H. M. &. 
Sidereal Time by 943 ‘ 2 44 10°92 
2187 ‘ 2 89 41°45 


aD 99 


Difference of Longitude 


Second Intermediate Comparison. 




















o 


4 29°47 St. Regis, west of St. Helen’s Station. 


Third Comparison (on return). 
H. M 








54 


696 © 


‘SNATAIOUd 
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IN COMPARING CHRONOMETERS two persons are generally em- 
ployed, one of whom watches the seconds hand of one instrument 
until it arrives at some convenient division, such as the commence- 
ment of a minute, or one of the ten seconds, when he gives the 
signal to “ stop” to the other, whose attention has been mean- 
while fixed upon the seconds hand of the other chronometer. 
Where one person alone makes the comparison, his only plan is, 
to register the seconds, and then the minutes and hour of one 
instrument, commencing to count the beats 1, 2, 3, &c., from the 
moment selected by him (whilst he is writing down the time 
observed), and then to transfer his eye to the other chronometer, 
continuing to count the beats until he observes its second hand 
opposite some marked number of seconds, when he stops; writing 
down first the number of beats counted, and then the seconds, 
minutes, and hour of the second chronometer; the number of 
beats is of course to be subtracted from this for the comparison 
of the time shown by the first instrument. 

When a chronometer adjusted to mean solar time is to be com- 
pared with one going sidereal time, or with a sidereal clock, the 
only correct method with one observer is by the coincidence of 
their beats in the manner described by Mr. Airy. 

When the chronometer going mean solar time has a half-second 
beat, and the other instrument or the clock a second’s beat, thcy 
will appear at the end of every second to beat (after some little 
time) almost simultaneously. Select one that appears perfectly 
coincident, and commence counting the beats 1, 2, 3, &c., of the 
clock or sidereal chronometer, writing down at the same time the . 
scconds, minutes, and hour of the solar one; then turn your eye 
to the seconds hand of the clock or other chronometer, continuing 
counting till the seconds hand is at some conspicuous place, and 
then stop. Write down first the number of seconds you have 
counted ; then the seconds on the clock face at which you stopped ; 
and lastly, the minutes and hour; then the comparison will stand 
thus :—the time observed by the first chronometer=time observed 
by the second (or the clock as it may be), minus the number of 
beats counted. | 

When the solar time chronometer and the sidereal have both 
half-second beats, the process is the same, counting every alternate 
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beat of the sidereal instrument. With a chronometer going mean 
solar time, and having a beat of five times in two seconds (a very 
common one, particularly in pocket chronometers), the beats will 
only coincide with the divisions upon the dial every alternate 
second, each beat being equivalent to 0°4; the process of com- 
parison is however much the same as that already detailed, but it 
will be facilitated by marking distinctly with ink upon the face of 
the chronometer every other second, unless this has been originally 
so divided as to render the precaution unnecessary. 

The following example shows the method of deducing the error 
of a chronometer going mean solar time, by comparison with a 
sidereal clock whose rate and error are known by transit ob- 
servations, 


R. E. Observatory, Jan. 24, 1849. 


Clock’s error. : : . . 44°41 slow. 
Rate . i : . . 0°43 losing. 
H. M. S. 


20 11 46°90 Sidereal time. Greenwich mean noon. 
0 0 0°35 Correction for longitude 2" 9° east. 


20 11 46°55 Sidereal time at mean noon at place of observation. 
17 18 0 Clock at time of comparison. 


2 58 46°55 


1 59 40°34 

0 57° 50-49 Equivalents in mean solar time for above difference. 

0 0 45°87 

0 0 054 

2 58 17-24 Mean interval from noon by clock. 
12 0 0 

9 1 42°76 Mean time A.M. by clock. 

9 0 5 Time by chronometer. 

0 1 37-76 Chronometer slow (relatively). 

0 0 44°41 Clock slow. 

Q 2 22:17 Error of chronometer, slow. 
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THE ELECTRIC TELEGRAPH enables signals to be transmitted 
over 1000 miles or more with hardly any appreciable loss of time. 
Many observations have been made by means of it on the United 
States Coast Survey (see Loomis’ Practical Astronomy). The 
signal is given at either station by pressing a key, as in the usual 
mode of telegraphing, and the observer at the other station hears the 
click caused by the motion of the armature of his electro-magnet. 

Four different methods of comparison have been practised on 
the United States Coast Survey. 

Ist, By striking on the signal key at intervals of ten 
seconds, records being made of the time of sending and receipt 
of each signal. Twenty signals one way and a similar number 
returned. 

The party giving the signals strikes his key in coincidence with 
the beats of his clock, but at the other station the click will not 
probably be heard in coincidence, and the fraction of a second has 
to be estimated. 

2nd, To remedy this evil the following method is pursued :—A 
mean solar clock at one station, a sidereal clock at the other: each 
party beats seconds by his clock, the coimcidences being noted and 
recorded at the other station. 

Third method by telegraphing transits of stars, observations 
being made at each station: the chief objection of this method 
also is, that it involves the estimation of fractions of seconds. 

Fourth method obviates this evil by printing the signals upon a 
cylinder or a fillet of paper. 

THE ECLIPSES OF JUPITER'S SATELLITES are phenomena of very 
frequent occurrence, the precise instants of which can be calcu- 
lated with certainty for Greenwich time ;* but a telescope mag- 
nifying at least forty times is required for their observation ; and 


* The time occupied by light in travelling from the sun to the earth is also ascer- 
tained by means of the eclipses of Jupiter's satellites. 

The difference of distance the light has to travel from Jupiter to the earth, on the 
occasion of an eclipse of one of the satellites, happening when they are in opposition 
or in conjunction, is evidently the major axis of the earth’s orbit. This distance has 
been ascertained to be 16" 26*4, which gives 8" 13*:2 for the time occupied by light 
in passing from the sun to the earth. 

The distance of the sun from the earth was determined by means of the transit of 
Venus over the sun’s disc. 
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those of different powers are found to give such different results 
as to the moment of immersion or emersion, that the method is 
not susceptible of the accuracy it would appear to promise, and is 
moreover almost impracticable at sea. In determining the 
longitude by this method, the local time must be found by 
observations of one or more fixed stars, unless it is known from a 
chronometer whose error and rate has been previously ascer- 
tained. 

THE ECLIPSES OF THE SUN AND MOON also enable us to deter- 
mine the longitude ; the former with considerable accuracy ; but 
their rare occurrence renders them of little or no practical benefit, 
and the results obtained by the eclipses of the moon are generally 
unsatisfactory, owing to the indistinct outline of the shadow of the 
earth’s border. 

THE THREE METHODS upon which the most dependence can be 
placed are—I1st, by a “lunar observation,” which, as before stated, 
possesses the great advantage of being easily taken at sea; 2ndly, 
by the meridional transits of the moon, compared with those of 
certain stars previously agreed on, which are given in the Nautical 
Almanac under the head of “ Moon Culminating Stars; and 
3rdly, by occultations of the fixed stars by the moon.—The two 
latter methods are the most accurate of any, but the first of them 
requires the use of a transit instrument, and the latter a good 
telescope ; both involve also long and intricate calculations, which 
will be found fully detailed in the works of Dr. Pearson, and in 
Chapter XXXVII_ of Woodhouse’s Astronomy. The methods 
given in the following pages considerably shorten the labour of 
the more accurate computations, and are the same as those in 
Mr. Riddle’s “ Navigation.” 


Method 1st—By a Lunar Observation. 


This method is found very useful and necessary at sea as a 
check, and even on land in extreme cases, where all other means 
of connecting the points by triangulation, &c., are lost; but as the 
results often vary to the amount of several (4 or 5 or more) miles 
on the earth’s surface, they are clearly unsuited to any work where 
accuracy is an object. 
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The observations for this method of ascertaining the longitude 
of any place can be taken by one individual; but as there are 
three elements required as data, which, if not obtained simul- 
taneously, must be reduced to what they would have been if taken 
at the same moment of time, it is better, if possible, to have that 
number of observers. 

The lunar distance, which is of the first importance, is measured 
by bringing the enlightened edge of the moon and the star, or the 
edge of the moon and either limb of the sun, in perfect contact. 
The other observations required are, the altitudes of the moon, 
and that of the other object, whether it be the sun, a fixed star, or 
a planet*; and as these are only taken for the purpose of correctung 
the angular distance, by clearing it from the effects of parallax 
and refraction, they do not require the same accuracy, or an equal 
degree of dexterity in observing. When the observations are 
made consecutively by one person, the two altitudes are first taken 
(noticing of course the times) ; then the distance from the star to 
the moon’s limb repeated any number of times, and as rapidly as 
is consistent with accuracy, from whence a mean of all the dis- 
tances is deduced, assuming it to correspond with the mean of all 
the times taken by the chronometer at each observation; and 
afterwards the altitudes again in reverse order, which altitudes 
are to be reduced to the same time as that of the mean of the 
lunar distances. 

It being of great moment to simplify and render easy the 
solution of this problem which is of the most vital importance at 
sea, a number of celebrated practical astronomers have turned 
their attention to the subject, and tables for “clearing the lunar 
distance” are to be found in all works on Nautical Astronomy, by 
the use of which the operation is undoubtedly very much 
shortenedt; but as none of these methods show the steps by 
which this object is attained, the example given below is worked 
out by spherical trigonometry, and the process will be rendered 
perfectly easy and intelligible by the following description :— 


* These altitudes, if not observed, can be calculated when the latitude is known : 
by which method more accurate results are obtained. 

+ Dr. Pearson enumerates no less than ¢wenfy-four astronomers who have published 
different methods of facilitating the ‘‘ Clearing the Lunar Distance.” 
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In the accompanying figure, Z represents the zenith, P the pole, 
M the observed place of the moon, and S that of the sun or star. 
The data given are MS, the measured angular distance; and 
ZM and ZS the two zenith distances (or co-altitudes) from 
whence the angle M ZS is found, the value of which is evidently 





not affected by refraction or parallax, which, acting in vertical 
lines, cause the true place of the moon to be elevated above its 
apparent place (the parallax, from her vicinity to the earth, being 
a greater quantity than the correction for refraction), and that of 
the sun or star, to be depressed below its apparent place. Let M’ 
and S’ represent the corrected places of these bodies, and we have 
then Z M’ and ZS’—the zenith distances corrected for refraction 
and parallax—and the angle M Z S—before found, to find the true 
lunar distance M’S’ in the triangle ZM’S’. The apparent time 
represented by the angle ZPS may be found in the triangle Z PS, 
having S Z, PS, and Z P the co-latitude, if the exact error of the 
chronometer at the moment is not already known ; and this time, 
compared with the Greenwich time at which the lunar distance is 
found from the Nautical Almanac to be the same, gives the 
difference of longitude east or west of the meridian of that 
place. The example below will show all the steps of the 
operation. 
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On May 4, 1838, at 105 41™ 4588 by chronometer, the following 
observations were taken in latitude 51° 23°40 north, to find the 
longitude ; the chronometer having been previously ascertained 
the same evening to be 3” 34° too fast. 

Double altitude—) 74° 42’ 35”, taken with a sextant; index 
error—22”, 

Altitude Spica Virginis 28° 15’ 50’—with alt. and az. inst. ; 
index error—28”. 

Distance ) —> 31° 25’ 55”—with repeating circle. 

Barometer standing at 29-9, and thermometer at 61°. 


° 4 4+ 


Double altitude— ; ; ; 74 42 35 


Index error sextant. : , Sk 0 0 22 
2) 74 42 13 
37 21 6.5 
Semidiameter . ; : , 0 14 538 
Apparent altitude) . . . . .. #£«98F 6127 
90 0 0 
ZM apparent zenith distance . , ; 02 53 47:3 
Altitude Spica Virginis ; A 28 15 50 
Indexeiror . . ’ . . O O 28 
Apparent altitude : a 28 15 22 
90 0 0 
ZS, apparent zenith distance . , 61 44 38 
Observed distance x—) _—.. . . 81 25 55 
Moon’s semidiam.—10° 7™—14’ 45” 31 oa 
‘i 14 538 
Augmentation for 37°6° 8° 49 


MS, apparent lunar distance. 3111 1:2 
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Ist—Then in the triangle Z M S we have the three sides to find 
the angle MZS (by formula p. 218). 


° 4 a” 


(2) MS= 3111 12 
(6) ZS 61 44 38: ar. comp. sin. 0:0551028 
(c) ZM= 52 53 47:3 ar. comp. sin. 0°0982439 


S = 145 49 26°5 
4S 72 54 43°25 


(}S—b)= 1110 525 sin. 9-2871039 

(sS—c) = 20 0 55°95 sin. 95343750 

Sin.?4Z = 2)18-9748256 

Sin}Z (175325) = 94874128 
2 


Angle MZS 35 46 50 


Then to correct the zenith distances for refraction and parallax :— 


Apparent zenith distance Z M= : ; 52 53 47°3 

Refraction , , a. 2 + 1 141 

52 55 1°4 

Parallax .. .  @@  -& “if 043 74 
ZM’, Corrected zenith distance . ; a a 52 11 54 
ZS, Spica Virginis er zenith distance. . 61 44 38 
Refraction -  Y : a. 2 + 1 45 


ZS’, Corrected zenith distance. . . 61 46 23 
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Then in the triangle Z M'S’, we have 
é a = oa i to find M’S’ the corrected lunar 
ZS’ = 61 46 23 distance. 
and angle Z = 35 46 50 
tana’ = cosZ x tan ZM’ 
Baily’s formula, 


a’ ae Z S’—a! 
a Sebel two sides and 
cos M’S’= cosine Z M’ x cosa’ | included angle. 


cos 35 46 50 9:9091613 
tan 52 11 54 0°1102916 ‘ 
a = 46 16 58 tan. 00194529 
ZS’ = 61 46 23 
(ZS’--a) = 15 29 25 =a” 


° 4 4 


cosZ M’ 52 11 54 9:7874110 
cos a” 15 29 25 9-9839310 
cos a’ 46 16 58 ar.com. 0°1604593 
cos M’S’ 31 16 34 9:9318013 


The corrected lunar distance. 

By the Nautical Almanac, it appears that the Greenwich mean 
time answering to this distance, must be between 9 P.M. and mid- 
night——the difference of distance answering to this interval of 3 
hours, being 1° 28’ 52” Prop. log. 3065* 

Lunar dist. at9 pP.M.Greenwich 32 3 55 

Corrected distance found above 31 16 34 


47 21 Prop. log. 5800 


hm s 

Interval of time past 9 P.M. 135 54 ——— 2735 
9 0 0 

Greenwich mean time . 10 35 54 


Mean timeat placeof observation 10 38 118 


Longitude east . . 0 2178 
Or in space . 0° 34’ 27” 


* The interval of time past 9 p.m. might of course have been found by a common 
proportion, without the aid of prop. logarithms. See the ‘‘ Explanation” ‘at end of 
Nautical Almanac, with regard to the proportional logarithms. 
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The difference between the prop. log. at 9 P.M. and midnight 
being 0, the correction of 2nd differences is nothing. 

Mr. Baily’s formula for a lunar observation for longitude is as 
follows :— | | 


M’ S‘= ¢ the true lunar distance required, 
H the apparent 
and H’ the true 
h apparent 
h’ true 


MS = A the apparent distance. 


| altitude of the moon, 


altitudes of sun or star, 


let B=} (4+H +A) 
(cos  cos(8 — 4) 


and sin a= 





cos H’ cos h 7 


cos H cos h 


cos $ (H’ + h) 
then sin 4 « = cos } (H’ + A) cosa. 


(For a similar formula worked out see Vol. III. p. 574, Mathe- 
matical Course, R. M.A.) 


The following example will also show the method of working 
out a lunar observation, by Dr. Young’s formula, all the terms of 
which are cosines :— 


Given apparent altitude SK= . 7 48 ~#2 

)MH=. 35 45 4 

© ) MS=. 95 50 53 

True altitude OSK . «©. .. TF 41321 

MH. . .. . 386 27 54 
o 4 Ww 
SZ= . ‘ : : 82 11 59 
MZ. . . «+. 54 14 56 
C7 =. «we 82 18 29 
WZ. . 53 32 «6 


Required M’S’ the true distance. 
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By Dr. Young’s formula, 


2 cos 4 (MH + SK + MS)cos (MH + SK — MS) cos M’H cos S'K 
Cos M s= | cos MH cos SK } 
— cos (M’H + S’‘K). 

MS = 95 50 53 

MH = 35 45 4 ar. comp. cos 0090678 


SK = 748 1 ar. comp. cos 0004037 | 
2) 139 23 58 


4 Sum 69 41 59 cos 9:540254 

3} (MH+SK—MS) 26 8 54 cos 9953110 
. MH 36 27 54 cos 9905375 

SK 7 41 31 COS 9996074 


9489528 
Log. 2. . 0301030 
9°790550 
nat. cosine =0°617387 
36 27 54 
7 41 31 
M’H + S’K = 44 9 25 nat.cosin.. 0°717434 
nat. cos. M’S’ 95° 44’ 31” . > Be 0:100047 


the true lunar distance. 

The same example, by Mr. Riddle’s first method, which will be 
found in his “ Navigation,” gives 95° 44’ 29” for the corrected 
lunar distance. 

By Mrs. Taylor's method, which requires the use of her 
“Tables,” the true distance is obtained as follows :-— 





Table 1 © 1:3873 ; >» 7533 
Table 2 . a — 05077 . ie — 14997 
— 1:8950 — 2°2530 
Table 3 eee 
— 3 15 
» &. + 4 22 
te ae =O 2 
Total corrections . — 6 20 
Appt. distance . 95 50 53 


True distance . 95 44 33 
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The apparent altitudes and distance are first obtained from 
those observed, by correcting them for semidiameter and dip if 
necessary. Then in Table I. find the log of the corrections for 
the altitudes on account of the moon’s parallax. 

From Table II. take the logs of the effect of the moon’s 
horizontal parallax upon the distance. + 

Table III. gives the minutes and seconds answering to these 
logarithms. 

From Table IV., find the effect of the refractions of both objects 
on the observed distance. 

And from Table V., if the sun is one of the objects observed, 
the effect of his parallax. 

These corrections, applied, with their proper signs, to the 
apparent distance, give the true distance as above. Mr. Airy 
makes the following remarks upon the effect of errors of observa- 
tion in taking lunar distances and lunar transits. A certain error 
of time produces that same error in the deduced longitude; and 
an error in the measure of one second produces about two seconds 
of time in the longitude. 

An error of one second of tume in a lunar transit produces about 
30 seconds error in the longitude. 

An error of one second of tume in a lunar zenith distance will 
produce at least 30 seconds of time error in longitude—sometimes 
considerably more. An error of one second in zenith distances 
produces at least two seconds of time in longitude. An error of 
one second of time in an occultation produces one second of time 
In the longitude. 

The same with eclipses of Jupiter’s satellites. 


Other Methods. 


Instead of measuring the distance between the moon and a star, 
for a comparison with the time at which the same distance is ob- 
tained by calculation for the meridian at Greenwich ; altitudes may 
be taken simultaneously of the moon and a star, from the latter of 
which, its right ascension and declination being accurately known, 
the right ascension of the meridian can be computed. This right 
ascension applied to the moon’s distance from the meridian (the 
angle B in the astronomical triangle) gives the right ascension of 
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the moon, to be compared with the time at Greenwich at which it 
is identical, for the difference of longitudes. 

A method, applicable particularly to low latitudes,* is to select, 
when the moon is on or near the prime vertical, any star whose 
right ascension and declination are known ; it being at the time 
within 8° or 10° of the zenith. 

Take the distance between this star and the moon; also the 
moon’s altitude, and apply the moon’s correction in altitude with a 
contrary sign as the correction in distance; then with the cor- 
rected distance as a base, and the co-declinations as containing 
sides, the difference of right ascension, and consequently the 
moon’s right ascension, and Greenwich time, are found. 

If a star answering to the above conditions is not available, 
select any star having the same or nearly the same azimuth as 
the moon, and not less than 30° or 40° distant; the sum or 
difference of the corrections in altitude would then evidently be 
the correction in distance. Ifthe star happened to be one of those 
given in the lunar distance, the Greenwich time is at once found ; 
if not, with the corrected distance as a base, the problem is worked 
out as before. 

The objection to both these methods is, that the moon’s declina- 
tion is required to be known accurately as an important part of 
the data, to compute which, it is necessary to know the longitude 
correctly (the very thing sought), except in cases where the moon’s 
declination on either side of the equinoctial is nearly a maximum, 
and consequently for some time comparatively stationary. Under 
these circumstances a good result may be expected from the last 
method when the moon is on, or nearly on, the prime vertical. 


BY THE METHOD OF MOON-CULMINATING STARS. 


The proper motion of the moon causing a difference in the 
interval of time between her transit, and that of any star, over 
different meridians, affords another method of determining the 
longitude.t The times of transit (or apparent right ascension) of 

* Obtained from Mr. E. K. Horn. 

+ The time of the moon’s transit compared with that observed at, or calculated for, 
another meridian would be sufficient data for ascertaining differences of longitude ; 
but by making a fixed star the point of comparison, we obviate any error in the 
position of the instrument, and also of the clock. 

T 2 
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the moon’s enlightened edge, and that of certain stars varying but 
little from her wm declination, are calculated for Greenwich mean 
time, and given among the last tables in the Nautical Almanac. 
The transits of the moon’s limb, and of one or more of these 
stars, are observed at the place whose longitude is required, and 
from the comparison of the differences of the intervals of time 
results a most easy and accurate determination of the difference 
of meridians;* of which the following example is sufficiently 
explanatory. 


EXAMPLE. 

At Chatham, March 9, 1888, the transit of a Leonis was ob- 
served by chronometer at 10" 52™ 46°, and of the moon’s bright 
limb, at 105 20" 7*; the gaining rate of chronometer being 1*5. 

Eastern Meridian Chatham—observed transits. 


h m °s 


a Leonis : : ; 10 52 46 
)| : : ; s ; —— 11 20 7:5 


0 27 21°5 
On account of rate of chronometer. .- 0 0 008 


Observed interval corrected ; : 0 27 25°47 
Equivalent in sidereal time. 4 27 25°96 


Western Meridian Greenwich—apparent right ascensions. 


h m 6 


a Leonis. ; ; . 9 59 46:18 
)| . , ’ sc 2 10 27 16°76 


0 27 30°58 
Observed transits . ; . : 0 27 25°96 


Difference of sidereal time between the intervals 0 0 462 
Due to change in time of moon’s semidiameter 


passing the meridian . .. : .. + 0 0 001 
Difference in)’s right ascension _.. 0 0 463 


* For a more rigid method of computing the difference of meridians by lunar 
transits, see Baily’s Formule and Problems, pp. 239 to 247. 
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The variation of }’s right ascension in one hour of terrestrial 
longitude is, by the Nautical Almanac, 112°77 seconds. Therefore 
as 112°77* : 1h : : 463° : 147-80 = 2’ 27”°8, the difference of 
longitude. 

But when the difference of longitude is considerable, instead of 
using the figures given in the list of moon-culminating stars for 
the variation of the moon’s right ascension in one hour of longi- 
tude, the right ascension of her centre at the time of observation 
should be found, by adding to, or subtracting from, the right 
ascension of her bright limb at the time of Greenwich transit, the 
observed change of interval, and the sidereal time in which her 
semidiameter passes the meridian. The Greenwich mean time 
corresponding to such right ascension being then taken from the 
Nautical Almanac, and converted into sidereal time, will give, 
by its difference from the observed right ascension, the difference 
of longitude required. For instance, in the above example :— 

h m §& 
( Right ascension at Greenwich transit . : 10 27 16°76 
Sidereal time of semidiameter passing meri- 


dian of place : . , ..+t O 1 2:26 
) Right ascension at Greenwich transit . 10 28 19-02 


Observed difference . i 0 0 462 


) Right ascension at the time, and sidereal 
time at the place of observation : 10 28 1440 
Greenwich mean time correspond-) h m 5 
ing to the above right ascension. \ 11 17 05 
Page 7, Nautical Almanac. 
Or sidereal time at Greenwich 10 25 46°5 


Difference of longitude . . 0 2 279 


BY OCCULTATIONS OF FIXED STARS BY THE MOON. 


The rigidly accurate mode of finding the longitude from the 
occultation of a fixed star by the moon, involves a long and 
intricate calculation, an example of which will be found in the 
37th chapter of Woodhouse’s ‘‘ Astronomy:” and the different 
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methods of calculating occultations are analysed at length by 
Dr. Pearson in his “ Practical Astronomy,” commencing at page 
600, vol. 11. 

The following rule, however, taken from Riddle’s “ Navigation,’’ 
will give the longitude very nearly, without entering into so long a 
computation :— | 

Find the Greenwich mean time from knowing the local time and 
the approximate longitude, and for that time take, with the 
greatest exactness, from the Nautical Almanac the sun’s right 
ascension, and the moon's polar distance, semidiameter, and 
parallax, applying all corrections. 

To the apparent time, add the sun’s right ascension, and the 
difference between this sum, and the star’s right ascension, will be 
the meridian distance of the latter. Call this distance P; the star’s 
polar distance p; its right ascension R ; the reduced co-latitude /; 
the moon’s polar distance m ; her reduced horizonta)] parallax H ; 
and her semidiameter s. 

Then add together sec ey , COs <P, and cot < and the 
sum, rejecting twenty, will be the tangent of arc a, of the same 


affection as ae 


Add together cosec —- sin s and cot 4 and the sum, 


rejecting twenty, will be the tan of arc b (always acute). When 
L is greater than p, a+6=are c; and when J is less than p, 
a—b=are c. 

Add together tan c, cosec l, cosec P, and prop. log H, and the 
sum, rejecting the tens, is prop. log of arc d. When arc c is 
obtuse, p +d =arc e; and when ¢ is acute, p—d =arc e. 

Add together cosec /, cosec P, prop. log H ; and with the sym 
S, and p, take the correction from the subjoined table, and apply- 
ing it with its proper sign to e, call the sum or the remainder é’. 
The difference of m and e’ is arc f. 

To S add sin e’, and the sum, rejecting the tens, is the prop. log 
of are g. 

To the prop. logs of s + f; and s—/f, add twice the sine of arc 
e, and half the sum, rejecting the tens, is the prop. log of arc h. 
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Then the moon’s right ascension = R + g + h, where g is 
additive west of the meridian, and subtractive east; and h is 
additive at an emersion, and subtractive at an immersion. 

Having found the moon’s right ascension, the corresponding 
Greenwich time is to be found from the Nautical Almanac, the 


comparison of which with the local time gives the longitude of the 
place of observation. 


TABLE FOR CORRECTION OF e. 





Star’s Polar Distance p. 























Ss 

60° 65° 70° 75° 80° 85° 90° 
+ + + + + + - 

n a " " " n a 
*50 16°5 13°2 10°3 7°5 5°0 2°5 0 
°55 13°0 10°5 8°2 6°0 4°0 2°0 0 
"60 10°3 8°3 6°5 4°7 3°2 1°5 0 
65 8°2 6°6 5°1 3°8 2°5 1°2 0 
70 6°5 5°2 4°] 3°0 2°0 1°0 0 
75 51 4°2 3°2 2°4 1°5 8 0 
80 4°1 3°2 2°6 1°9 1°2 "6 0 
85 3°2 2°6 2°0 1°5 9 5 0 
90 2°6 2:1 1°6 11 8 *4 0 
"95 2°1 1°7 1°3 1°0 6 3 0 
1°00 1°6 1°3 1°0 7 °4 °2 0 
1°10 1:0 9 6 5 3 "1 0 
1°20 6 5 4 "3 °2 | 0 
1°30 “4 °3 3 °2 "1 0 0 
1°50 2 | ‘1 ‘0 0 0 0 
1°80 0 0 0 0 0 0 0 
120° 115° 110° 105° 100° 95° 90° 


Star’s Polar Distance p. 





BY OBSERVATIONS FOR LATITUDE AND THE TRUE BEARING TO A 
KNOWN POINT. 


It is obvious that this system can only be adopted when the line 
joining the two stations is inclined at but a small angle to the 
meridian. 

Let A and B be two stations visible one from the other, let A P 
= a and B P =a’, the observed co-latitudes, let A and B repre- 
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sent the corrected true azimuths obtained at those stations by 
observation, and A PB the required angular distance of longitude- 
Then, by spherical trigonometry, 


cos } (a+a’) 
cos $ (a—a’) 





which determines P. 

This system was adopted in the reconnaissance and route 
surveys of Sinai and Palestine, 1866-9; see account of Sinai Survey 
by Capt. H.S. Palmer, R.E., and also for the method of correcting 
the above equation when the angles at A and B have not been 
measured with perfect accuracy. 


PROBLEM VI. 


TO DETERMINE THE DIRECTION OF A MERIDIAN LINE* AND 
THE VARIATION OF THE COMPASS. 


In the spherical triangle Z PS, already alluded to as the 

astronomical triangle ; and in which the co-latitude Z P, and the 

time represented by the angle P, were 

Z ascertained by the method of absolute 

altitudes in pages 250 and 253; the 

azimuth of any celestial body S is 

measured by the angle Z, which is 

found from knowing either the time 

or the latitude, in addition to the ob- 

served altitude. This calculated azv- 

muth compared with the magnetic 

bearing of the object observed at the 

same instant, and determined with reference to some well-defined 

terrestrial mark, affords the means of laying down a meridian line, 
and gives the variation of the compass. 

In the northern hemisphere, except in high latitudes, the 


* The method of ascertaining the direction of the meridian with an altitude and 
azimuth instrument, or a large theodolite, has been already described at p. 204. 
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simplest method is to observe a Polaris at the moment of 
culmination, or at equal intervals before and after, or by observing 
a Polaris at any time, and correcting its position by Table I, 
First Correction of the Pole Star for Latitude (Nautical Almanac), 
the table being altered six hours, so that it may give the correc- 
tion east and west instead of north and south. The best time is 
early in the morning or after sunset, just before or after the neces- 
sary round of angles with the theodolite is taken. The stur can 
readily be found by the telescope (when invisible to the naked 
eye), the approximate variation of the compass being known, and 
also the hour angle and altitude (from latitude) of the star. | 

The time by the chronometer should be noted at moment of 
observation. 

Another mode is by calculating the amplitude of the sun at. his 
rising or setting for any day in any latitude, and comparing it 
with his observed bearing when on the horizon, or rather when he 
is 34 minutes, or about his own diameter, above it, as his disc is 
elevated that amount above its true place by refraction. 

In the accompanying figure H O is the horizon, P the pole, 
EQ the equator, PAC the six o'clock hour circle, PEC the 
meridian, Z the zenith, and d d or d’ d@ the circle of declination of 





the sun, either north or south of the equator, and supposed to be 
drawn through his place at the time of sunrise, which is ap- 
proximately known. 
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S or S’, then, the intersection of this declination circle with the 
horizon, is the position of the sun at rising in the first case before 
arriving at the 6 o'clock hour circle, and in the second after having 
passed it. 

In the triangles AS¢ or AS’? then, ¢S or ¢’ S’ is the sun’s decli- 
nation, and the angle SA?#, S’ A?’ the co-latitude of the place; 
from whence we obtain AS or A S,, the amplitude, and also A é or 
At’, the angular distance before or after 6 o’clock for the tume of 
sunrise.—In the same way can be obtained the sun’s amplitude at 
sunset ; as also the time, allowing for the change in declination. — 
If the meridian is to be marked on the ground, it 1s necessary, as 
before stated, to observe some object with reference to the mag- 
netic bearing. 

A TRANSIT INSTRUMENT * placed in the plane of the 
meridian, of course affords the means of marking out at once a 
meridian line on the ground; the following short description, 
abridged from Dr. Pearson’s “ Practical Astronomy,” explains the 
method of adjusting a portable transit approximately in this plane, 
and of verifying its position when so placed. 

Ist. The adjustment of the level, and of the axis of the tele- 
scope.—These two adjustments may be carried on at the same 
time; as when the level is made horizontal and parallel to the 
axis, the axis must be horizontal also—Apply the level to its 
proper place on the pivots of the axis, and bring it horizontal by 
the foot-screws of the instrument ; reverse the level, and mark the 
difference as shown on the scale attached to it—half this difference 
must be corrected by the screw of the level, and half by the foot- 
screws, which operation will probably want repeating—if, by 
previous observation, the level has been ascertained to be correct, 
the foot-screws alone must be used in the correction, and if on 
reversing the instrument in its Ys, the level is still correct, the 


* In an Observatory, the principal uses to which a transit is applied are the 
obtaining true time, and the determination of right ascensions—very excellent direc- 
tions for using and adjusting a portable transit for the determination of longitudes, 
&c., drawn up by Mr. Airy, will be found in the narrative of the North American 
Boundary, by Major Robinson, from which one example is given at the end of this 
chapter, to show the form there adopted for recording transit observations. 
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pivots of the axis are of equal size ; if not, the instrument should 
be returned to its maker as imperfect. 

2nd. The next object will be to place the syider lines truly 
vertical, and to determine the equatorial value of their in- 
tervals. 

Suspend a thick white plumb-line on a dark ground, at a 
distance from the telescope ; then the middle wire may be made 
to coincide with it to insure its verticality, and if a motion in 
altitude be given to the telescope, and the coincidence con- 
tinues unaltered by change of elevation, the axis has been truly 
levelled. 

The equatorial value of the intervals between the wires may be 
determined by counting the time in seconds and parts occupied 
by the passage of an equatorial star over all the intervals, taken 
separately and collectively, by several repetitions on or near the 
meridian. Ifthe star observed has any declination, the value of 
an interval obtained from its passage may be reduced to its equa- 
torial value by multiplying the seconds counted, by the cosine of 
the stars declination; before this method can be used, the 
telescope must have been placed nearly on the meridian. 

3rd. Collimation wn azvmuth—When the preceding adjust- 
ments have been made, the telescope should be directed to a 
distant object, the middle spider line brought to bisect it, and the 
axis then turned end for end. If, after this reversion, the same 
point be again bisected by the wire, it is a proof that a line passing 
from the middle spider line to the optical centre of the object- 
glass is at right angles to the axis of the telescope’s motion. But 
if, after this reversion of the axis, the visible mark be found on 
one side of the middle line, half the error thus found must be cor- 
rected by the screw that moves the Ys in azimuth, and the other 
half by the screw for adjusting the wires ; several reversions must 
be made to ensure accuracy.—The verification of this adjustment 
may be proved by the passage of the pole star ;—note the time at 
the preceding and at the middle wire, then reverse the axis, and 
note the passage over what was the preceding, but is now the 
following wire; half the difference of the intervals before and 
after reversion will show how much the position of the centre wire 
has been altered by reversion. 
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4th. Collimation in altitude.—When the telescope is directed to 
the pole star at the time of its crossing the meridian, or to any 
well-defined distant point by daylight, read the vernier of the 
altitude circle while the bubble of the level is at zero. The axis 
of the telescope must then be reversed, and the horizontal line 
again brought to bisect the star ; and when the bubble is made to 
stand at zero as before, the reading of the vernier must be again 
noted; half the sum of these readings will be the true altitude, 
and half the difference the error of collimation in altitude. This 
error may consist of two parts: the spider line may be out of the 
optical centre of the field of view; and the level (supposing it 
previously adjusted to reverse properly in position) may not be in 
its true position as regards the zero of the circle’s divisions ; half, 
therefore, of the error arising from the half difference of altitudes 
must be adjusted by the screws carrying the spider lines, and the 
other half by the screw that alters the level. 

5th. The last and most difficult of all the adjustments is that 
by which the instrument is placed in the plane of the meridian of 
the place of observation. There are many modes of accomplishing 
this, both by direct and indirect means; but the most convenient 
and most generally practised are those in which a circumpolar 
star is employed; or in which ¢wo circumpolar stars, differing 
little in declination, but nearly twelve hours in right ascension, 
or in which two stars, differing considerably in altitude, and but 
little in right ascension, are successively observed; but in what- 
ever way the adjustment may be made, the clock that gives the 
times of transit must have its rate previously well determined. 

The approximate position of the instrument may be ascertained 
by calculating the solar time of the pole’s star passage over the 
meridian for any given day; and then the telescope levelled and 
pointed at it at the computed time will require but little adjust- 
ment. Subsequent observations of curcumpolar or of high and low 
stars will gradually rectify the position, provided all the adjust- 
ments previously directed continue unaltered for a sufficient 
length of time; and a mendian mark, capable of adjustment, may 
be placed at a convenient distance north or south, until their 
places are definitely fixed by some of the following methods. At 
95°49 yards from the object end of the telescope, one inch will 
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subtend 1’ or 60”, and a scale may be made accordingly, varying 
of course inversely as the distances; so that when the transit ig 
found to be any number of seconds, say thirty, too much to the 
east or west, a corresponding distance on the scale shows how 
much the instrument is to be used in azimuth, by the proper 
screws, to effect the correction required. 


Method 1st.—By a circumpolar star. 
t— ¢’—12 
Si ace I cotan 6 

where a = azimuthal deviation in seconds at the horizon, 

€ = the time at upper transit, 

t’ = at lower passage, 

L = the latitude, 

5 = the declination : 
by multiplying by 15, a is converted into space if required. 

If the western semicircle is passed through in less time than the 
eastern, the object end of the telescope points to the west of the 
true meridian. The clock must be a good one for this method, as 
it supposes no change of rate for twelve hours. 


Method 2nd—By a pair of circumpolar stars. 


_ ¢—t-12")—(T—T—12") sin A sin A’ 
oe 2 cos L—sin (A’— A) 


where A and A’ = the star’s polar distances, L = the latitude, 
t and ¢ the times of the first star’s upper and lower passages, 
T and T’ the times of the contrary passages of the second star, 
following the other at an interval of nearly 12 hours in right 
ascension : or this formula, omitting the 12 hours, 
(¢ — r)—(t’—7”’) sin A sin A’ 
“=~ 2 cos L—sin (A’—A) 





when (¢ —¢’ —12) is a greater interval than (r—7’—11) the hori- 

zontal deviation a will be towards the east, and vice versd ; or when 

(t’—7’) is greater than (¢—7) the deviation 1s also to the east. 
Method 3rd.—By high and low stars. 


(D—D’) cos 8. cos 8’ 
*= “cos L sin (8—8) | 


286 PROBLEMS. 


where D =(t—t’) the difference of the observed times of 
passage, and D’ = (Ra—Ra’) the difference of the apparent right 
ascension of the two given stars, 5’ the declination of the higher 
star, and 6 that of the lower. The stars for this method ought to 
be removed from each other at least 40° in declination. When 
(D—D’) is positive, the horizontal deviation is to the east of the 
south point in northern latitudes; and the contrary when negative. 

Tables are formed to facilitate the computation of the above 
formule. The times are all supposed to be sidereal; if, therefore, 
solar time is used in the observations, the acceleration must be 
added. 

The following example is given of the last method, in which, 
if the difference of the times of the observed passages be exactly 
equal to the difference of the computed right ascensions of the 
two stars, the instrument will necessarily be already in the plane 
of the meridian. 

On June 20, 1838, mn latitude 51° 23’ 40”, the transits of 
a Corona Borealis, and of Antares, were observed. 


TRANSITS. Rr. A&cENSIONS. 
h m 8 h mis 
a Corona Borealis . 9 25 31:5 15 27 52°25 
Antares . : oe a 10 17 178 16 19 31:93 
D — 51 46:3 — 51 39°68 
D’ — 51 39°68 
+ 662 
662... log. ‘8208580 
Cos 8 . .. 27'15 46 9:9488603 
Cos 8 .. .26 4 1 9:9534124 
Cos L . .. 51 23 40 ar. com. 0°2048465 


Sin 646’. . 53 19 47 ar. com. 0:0957794 
a= 10°562 1:0237566 
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FORM FOR RECORDING OBSERVATIONS MADE WITH A PORTABLE 
TRANSIT. 


(Date, Place, and Name of Observer. 










Approximate Solar Time. 














y 12 Canum n Urse 

Object. Venaticorum. Majoris. 1 Bootis. 

H. M. 8. H. M. 8. H. M. 8. 
lst Wire . ‘ ; . : - | 18 2 41°5 | 18 55 6:5 | 14 1 26°0 

2nd ,, : ‘ ; 8 17:0 55 49°5 Lost. 

8rd _,, 3 51°5 56 31:0 2 23°0 
4th ,, 4 27°0 Lost. | 2 58.0 
6th ,, 5 1:0 57 56:0 3 21°0 
Sum . ay. og 19 18°0 225 23°0 | 10 3:0 
Mean of Wires . : ‘ 3 . 13 8 616) 13 45 4:6 | 14 2 06 
Correction for wires lost : Bs dee weet 11 26°70 0 22°94 


True Transit on Instruments 13 3 51°6 | 13 56 31°80} 14 2 23°54 





+ 0-009 
Azimuthal Error + 20 x | — 0°008 + 018 — 0:16 + 0°62 
+ 0°031 
True Transit over Meridian . . . | 18 8 51°78) 18 56 31°14' 44 2 24°16 
Star’s Right Ascension ‘ ‘ . | 12 48 48°97) 18 41 28°49] 43 47 21-19 


Error of Chronometer .| 15 281) 15 265) 15 2-97 

The above is one of the sets of observations made by Major 
Robinson at St. Helen’s Island, Upper Canada, in 1845. Refer- 
ence was also made to the particular transit and chronometer 
used ; stating also if the error of collimation had been determined, 
and the transit levelled immediately before the observation, and 
whether the east or west end of the axis was illuminated. 

In the transit books -used on this occasion, made of four or five 
quires of letter paper bound up in a strong cover, the right-hand 
page was printed in the above form, leaving the other blank, for 
recording levels, calculating the azimuthal errors, &c., &c. 

The form for registering transit observations in a permanent 
Observatory is of course different from the above: that at present 
in use at the Royal Engineer Observatory at Chatham, taken 
from the “Corps Papers,” is given as an example in page 290. 

The altitude and azimuth instrument alluded to in page 211, as 
one of the standard instruments of an Observatory, can be used 
when fixed in the plane of the meridian as a transit, for which 
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purpose the diaphragm is provided with 5 vertical and 5 horizontal 
wires, the central intersection of which in the axis of the telescope 
is used for other observations. An instrument thus placed is of 
itself competent for almost all the requirements of an Observatory, 
excepting those requiring an equatorially mounted telescope, as 
by it may be obtained night ascensions and true time, as well as 
altitudes or zenith distances and azimuths. When constructed to 
be portable it becomes pre-eminently useful in all geodesical ope- 
rations, more particularly when placed on a repeating stand, as 
was done with those made for the Ordnance Survey (generally 
known as 2-feet theodolites). 

This instrument is fully described at page 412 of the 3rd vol. of 
the Woolwich Course, from which the following outline of its 
construction and adjustments has been taken :—The telescope is 
of 2 feet 3 inches focal length ; the vertical circle 15 inches 
diameter divided to 5’, and the intervening space between each 
division read by two micrometers. The horizontal circle is of 2 
feet in diameter, also divided to 5’, and read by six micrometers. 
The repeating table of three radiating arms is in two parts: the 
lower rests upon three levelling screws, and the upper carries the 
instrument. 

The adjustments are as follows: the repeating table is first 
levelled by the three foot-screws by means of a short spirit level 
screwed on to its upper plate. The table is then turned 180°, and 
the level adjusted, one half by the screw of the spirit level, and 
the other half by the two foot-screws which are parallel to the 
level. The table is then turned 90°, and the air-bubble of the 
spirit level brought to the centre of its tube by the remaining 
screw of the repeating table. This process must be repeated until 
the table is perfectly level. 

The second process is the centering of the repeating table, which 
is effected by removing the spirit level from the upper plate and 
screwing the large centering microscope to the centre of the table. 
A fine circular dot upon a wafer is placed immediately below the 
centre at the level of the bottom of the triangular stand, and the 
cross hairs of the centering microscope made to bisect it, one 
half of the adjustment being made by the centering screws, and 
the other half by altering the collimating screws at the upper end 
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of the microscope. This operation is repeated with the table 
turned 180°, and subsequently again at right angles. 

The instrument itself is then placed with its three foot-screws in 
the brass cups at the three arms of the repeating table, and 
levelled by its own screws; it is then centered by the centering 
microscope, so as to be used as a repeating theodolite, the opera- 
tion being repeated with the instrument turned 180° and 90° from 
its original position. . 

The next adjustment is that of the telescope level. The tele- 
scope is placed in its Ys as nearly horizontal as possible, the verti- 
cal circle clamped, and the air bubble of the suspended level made 
by the tangent screw to bisect the centre of its tube. The level is 
then reversed on its supports, and one half of the error thus 
caused corrected by its adjusting screws and the other half by the 
tangent screw of the vertical arc, repeating the operation until no 
error exists. | | 

The last process is the levelling of the horizontal axis. The 
instrument is first carefully levelled by the telescope level, and 
the axis level suspended from the two pivots of the telescope, the 
exact readings of the ends of the air bubbles on the level scale 
being noted. The level is then reversed on the pivots, and the 
difference of the two readings of the ends of the air bubbles on 
the scale is corrected one half by the adjusting screw of the level, 
and the other half by the screw attached to the moveable Y that 
receives one of the pivots of the telescope, repeating the operation 
until the adjustment is perfect. The correction of the line of 
collimation and of the micrometer microscopes are the same as for 
the theodolite. 
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TABLE I. 


FOR CONVERTING SIDEREAL INTO MEAN SOLAR TIME. 





















Hours. Minutes. Seconds. 
M 8. 8. 8. 8. ! 

1 0 9-830 1| 0-164 | 31] 5:079 | 1] 0:003 bee 

2 | 0 19°659 2| 0328 || 32| 5242 | 2| 0-005 |; 32 

3 0 29-489 31 0-491 || 33 | 5:406 | 3] 0:008 || 33 
4 0 39°318 4| 0655 || 34] 65570 | 41] 0-011 || 34] 0:098 
5 0 49°148 5 | 0-819 || 35| 5:734 | 5| 0°014 || 35 | 0-096 
6 0 58:977 6 | 0-983 || 36| 5-898 | 6| 0°016 || 86 | 0-098 
7 1 8°807 7 | 1147 || 37 | 6062 | 7 | 0-019 || 37 | 0-101 
8 1 18-636 g | 1°311 || 38 | 6-225 | 8 | 0:022 || 38 | 0-104 
9 1 28-466 9 | 1:474 || 39 | 6389 | 9 | 0.025 |; 39 | 0-106 
10 1 38-296 [10] 1°638 ° 6553 | 10 | 0:027 40; 0°109 
11 1 481295 $11 | 1°802 || 41 | 6°717 J 11 | 0-030 | 41} 0-112 
12 1 57955 12! 1°966 || 42!) 6:881 [12] 0°033 | 42 | 0-115 
13 2 7784 413] 2180 || 48] 7:044 113 | 0°036 | 48 | 0118 
14 2 17614 $14] 2-294 || 44) 7:208 | 14} 0-038 | 44 |} 0-120 
15 | 2 27-443 Jas | 2-457 || 45] 7-372 ]15| 0-041 || 45 | o-12s 
16 2 37-273 | 16| 2°621 | 46! 7°536 [16 | 0-044 | 46 {| 0°126 
17 2 47°103 [17 | 2°785 || 47; 7:700 $17 | 0°047 | 47 | 07128 
18 2 56°932 418] 2°949 | 48 | 7°864 $18] 0-049 || 48 | 0131 
19 3 6-762 [19] 3113 | 49 | 8-027 [19] 0-052 49 | 0134 
20 3 16591 | 20] 3:277 | 50 | 8-191 | 20 | 0°055 | 50] 0137 
21 3 26:421 | 21 | 3°440 || 51 | 8-355 [21 | 0-057 51 | 0140 
22 3 36-250 | 22 | 3-604 8°519 | 22 | 0-060 | 52 | 0-142 
23 3 46-080 [23] 3-768 | 53 | 8-683 | 23) 0-063 | 53 | 0145 
24 3 55-909 | 24! 3°932 | 54 | 8847 | 24) 0-066 | 54 | 0148 
25| 4:096 |! 55 | 9°010 [25 | 0-068 | 55 | 0-150 
26 | 4:259 | 56 9°:174 | 26 | 0-071 | 56 | 07153 
271 4493 |: 57 | 9°338 | 27] 0-074 | 57 | 07156 


28 | 4°587 | 58 | 9°502 

29 | 4°751 |' 59 | 9°666 

30; 4°915 | 60 | 9°830 

| 

The quantities opposite the different numbers of hours, minutes, and seconds 
are to be subtracted, to obtain the equivalent interval of mean solar time for any 


period. 


28 | 0:076 || 58 | 07159 
29 |} 0-079 || 59 | 07161 
30 | 0°082 || 60) 0°164 
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TABLE II. 


FOR CONVERTING MEAN SOLAR INTO SIDEREAL TIME. 


Hours. | Minutes. Seconds. 


li 








M 8. | 8 | 8. 8. s. 

1 | 0 9-856 1 | 0-164 || 31 | 5-092} 1 | 0-003 j; 31 | 0-095 
2 | 0 19-713 2|'0:329 | 82 5-257] 2 | 0°005 | 32 | 0-087 
8 | 0 29°569 3 | 0-493 | 33 | 5-421} 3 | 0-008 | 33 | 0-090 
4 | 0 39-426 4 | 0-657 | 34 | 5585} 4 | 0-011 | 84 | 0-093 
5 | 0 49-282 5 | 0-821 '|| 35 | 5-750] 5 0-014 '| 35 | 0-096 
6 | 0 59-139 6: 0:986 || 36! 5-914] 6: 0-016 | 36 | 0-098 
7 | 1 8-995 7 | 1150 |} 37 | 6-078] 7 | 0-019 | 37 | 0-101 
8 | 1 18-852 8 | 1-814 |) 38 | 6-242] 8 | 0-022 38 | 0-104 
9 | 1 28708 9 | 1-478 || 39 | 6-407 | 9 | 0-025 | 39 | 0-106 
10 | 1 38565 | 10 | 1-643 || 40 | 6571 | 10: 0-027 | 40 | 0-109 
1 | 1 6-735 41 | 0-112 
12 | 1 6900 42 | 0-115 
13 | 2 7-064 43 | 0-118 
14 | 2 7-228 44 | 0-120 
15 | 2 7°392 45 | 0123 
16 | 2 7°557 : 46 | 0126 
17 | 2 7721 47 | 07128 
18 | 2 7-885 48 | 0°131 
19 | 8 8-050 49 | 0-134 
20 | 8 8214 50 | 0-137 
21 | 8 8-378 51 | 0-140 
22 | 3 8°542 52 | 0-142 
23 | 38 8-707 53 | 0°145 
24 | 8 8-871 54 | 0°148 

9-035 55 | 07150 

9°199 56 | 0°153 

9-364 57 | 07156 

9°28 58 | 0-159 

9-692 59 | 0-161 

9°856 60 | 0-164 








The quantities opposite the different numbers of hours, minutes, and seconds are 
to be added, to obtain the equivalent interval of sidereal time for any period.— Vide 
Table of Equivalents, page 489 of the ‘‘ Nautical Almanac.”” This Table, and the pre- 
ceding, are calculated from the ratio of a sidereal to a mean solar day—twenty-four 
hours of mean time being equivalent to 24" 3" 56*:5554 sidereal time. 


FOR CONVERTING SPACE INTO TIME, AND VICE VERSA 
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TABLE III. 
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ete | eee | eee | ee | 


a ee ee eed 


. | h. m. 
1 0 4 
2 0 8 
3 012 
4 0 16 
5 0 20 
6 0 24 
7 0 28 
8 0 32 
9 0 36 
10 0 40 
il 0 44 
12 0 
13 0 42 
14 0 56 
5 1 0 
16 14 
17 1 8 
18 112 
19 116 
20 1 20 
25 1 40 
40 2 0 
34 2 20 
40 2 40 
45 3 0 
50 8 20 
55 3 40 
60 4 0 
65 4 20 
70 4 40 
75 5 0 
80 5 20 
90 6 90 
100 6 40 
110 7 20 
120 8 0 
180 8 40 
140 9 20 
150 10 0 
160 10 40 
170 11 20 
180 12 0 
190 12 40 
200 13 20 
210 14 +0 
220 14 40 
230 15 20 
240 16 0 
250 16 40 
260 17 20 
270 18 0 
280 18 40 
290 ly 20 
800 20 0 
810 20 40 
820 21 20 
330 22 0 
340 22 40 
850 23 20 
* $60 24 0 


SPACE INTO TIME. 

To convert degrees and parts of the Equator 
into Sidereal ‘ime ; or to convert degrees and 

parts of Terrestrial Longitude into Time. 
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TIME INTO SPACE. 








qs | ee 











. @ 


015 


oo cweters | toto bo 
- Cm  & 
One w 


be 6 
Aone 


wm 
oOnsac 


we CS et 


ARAN | ak mS 
oconon 


od 





Oooedeo @ 0D 0 OD ~“3 VJIrITIAMH 
we 0D me Cm fb — moo 
{ 1 


Or de CO 0D OD 











To convert Sidereal Time into degrees and 
rts of the Equator ; or to convert 
egrecs and parts of Terrestrial Longitude. 


me into 


ooW 


0 15 


45 
9 


mm GS bt 
on 


Oocago!] a 


h. m. 
4 15 1 
2 30 9 
| 3 45 8 
4 60 4 
! 6 73 | 5 
| 
| 6 90 | 6 
7 | 105 7 
| g | 120 8 
9 185 9 
10 | 150 | 10 
1 | 165 | W2 
122 | 180 | 12 
13 | 195 | 18 
| a4 | 210 | 14 
| 15 | 225 | 15 
16 | 240 | 16 
17 | 255 | 17 
is | 270 | 18 
19 | 985 |} 19 
20 | 300 | 20 
21. | 315 | 21 
92 | 830 | 22 
93 | 345 | 23 
24_|_ 360) 24 
| Tenths. 25 
| 8. es 26 
‘1 15 | 97 
2 | 30 | 28 
3 | 4:5 | 99 
‘4 | 60 | 30 
1 -§ | 75 | St 
-¢ | 90 | 32 
‘7 | 105 | 88 
‘gs | 19:0 | 34 
! 9 | 135 | 35 
10 | 15°0_| 
I Hundredths. 7 
| 8. sf 38 
| ol | 015 | 39 
|! 02 | 0-30 | 40 
, 03 | O45 | 41 
os | 0°60 | 42 
05 | O75 | 438 
6 | 090 | 44 
07 | 105 | 45 
08 | 1:20 | 46 
| 09 | 135 | 47 
“10 1°40 48 
49 
_Thousandths. | 5 
a. “ ee 
001 |0°015 | 51 
002 | 030 | 52 
vos | 045 | 83 
004 | 060 | 54 
005 | 075 | 55 
-006 | 090 | 56 
007 | 105 | 57 
008 | ‘120 | 58 
ooo | -135 | 89 
‘010 | -150 | 60 





ee 
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TABLE IV. 


Barometer, 30 in. Thermometer, 50°. 


+ when above. TABLE OF REFRACTIONS. — when above. 
— when below. 


+ when below. 





















































Difference to be Difference to be 
Refr. allowed for. A Refr. allowed for. 
B. 30. ae B. 30. 
Ph. 50" iy alt! +1 B'—1°Th Th. 50°. Valt.| +1B '—1°Th. 
' —_——. | 
; n " w Rn Ry ’ c " " w ” 
33 51/11°7 |] 74 | 81 | 3 0} 14 35 | 3:2 30 2°3 
32 53:11:31 71 | 76 5/14 19! 31 29 2°2 
31 58/109 | 69 | 7:3 10/14 4] 3-0 29 2°2 
31 5!105 | 67 | 7°0 15 |13 50 | 2-9 28 2°1 
30 13) 101 | 65 | 67 20 | 13 35 | 2°8 28 21 
29 24| 9:7 | 63 | 64 295 | 13 21 | 2°7 97 2°0 
28 37| 941! 61 | 671 30/18 7| 2°7 27 20 
27 51/ 9:0 | 59 | 5-9 35 | 12 53 | 2°6 26 2:0 
27 6| 871! 58 | 56 40} 12 41 | 2°5 26 1°9 
26 24| 84! 56 | 5-4 45 | 12 28 | 2-4 25 1°9 
25 43| 80] 55 | 5-1 50 | 12 16] 2-4 25 1°9 
2 38!/ 771 68 | 49 55 | 12 3) 23 25 1°8 
a a te ca fla et ee ee 
24 25| 74 |] 52 | 47 | 4 0111 62) 22 24-1 1:70 
923 48/ 71/1 50 | 46 10/11 80] 271 23°4 1°64 
23 13| 69 | 49 | 4:5 20 | 11 101] 2-0 22°7 1°58 
22 40| 66 | 48 | 4:4 30 | 10 50] 1-9 22:0 1°53 
92 8! 63] 46 | 4-2 40 | 10 82/| 1°8 21°3 1°48 
21 37 | 61} 45 | 4-0 50 | 10 15] 1°7 20°7 1°43 
21 7/ 59 |] 44 | 39 15 0| 9 58] 16 20°1 1°38 
20 38| 57 | 43 | 3°8 10} 9 42] 1°5 19°6 1°34 
20 10| 55 | 42 | 36 20| 9 271 155 19-1 1°30 
19 48| 53 | 40 | 355 30| 9 11| 1-4 18°6 1°26 
19 17} 51] 39 | 3-4 40! 8 58 | 13 18°1 1°22 
18 52) 49} 89 | 88 | 50) 8 45] 1° 17°6 1°19 
18 29] 48 38 | 32 |16 o| 8 32] 1-2 172 1°15 
18 §&| 461] 87 | 31 10} 8 20] 1°2 16°8 111 
17 43] 441] 36 | 3-0 20; 8 9/ 1-1 16°4 1°09 
17 21/1 43] 36 | 2-9 30| 7 58| 1:1 16°0 1-06 
17 0O|] 41 |] 85 | 28 40 | 7 47] 1:0 15°7 1-03 
16 40| 40 | 34 | 2°8 50 | 7 871 1:0 15°3 1:00 
en at a 
16 21} 39] 88 | 27 17 0] 7 27) 1°0 15-0 0:98 
16 2| 371! 33 | 2°6 10| 7 17] °9 14°6 ‘95 
15 43| 36] 32 | 26 20| 7 8! 9 14°3 93 
15 25| 35 | 32 | 25 30| 6 59| °8 14°] ‘91 
15 8| 34] 81 | 2-4 | 40! 6 51| 8 13°8 “89 
55114 53{ 33 | 380 | 2°3 50| 6 43| °8 13°5 *87 


Young’s Refractions have been selected from among those by different eminent 
Astronomers, given in Dr. Pearson’s Tubles. 
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TABLE IV.—continued. 


Barometer, 30 in. Thermometer, 50°. 


+ when above. | TABLE OF REFRACTIONS. — when above. 


— when below. 


+ when below. 




























































































Refr Difference tu be Refr Difference to be 

B. 30. allowed for. App. B. 80. allowed for. 
The 60" fa alt. #1 B.-1°Th. Th. 50°. yr ait.|+ 1 B.-1°Th 

4 P " " n ° ( ’ " " ff n 
6 35 |-7 lis3 | -s5 | 14 013 49-9 | -28 | 7-70 | -469 
6 28 | -7 [181 | -83 10/3 47:1 | -28 | 7-61 | -464 
6 21 | -7 |12°8 | -82 20|3 444 | -27 | 7:52 | -458 
614 |-7 |126 | -80 30/3 41°38 | 26 | 7-43 | -453 
6 7 |-7 {123 | -79 40 | 8 39°2 | -26 | 7-34 | -448 
6 o | 6 {121 | -77 50|3 36-7 | -25 | 7-26 | -444 
9 015 54 | 6 {iio | -76 1115 0} 3 343 | -24 | 7-18] -439 
10/5 47 | 6 {41-7 | -74 30} 3 27:3 | -22 | 6-95 | -424 
20015 41 | 6 1115 | -73 | 16 0! 8 20 | -21 | 6-73 | -411 
30'5 36 | -6 {113 | -71 30 |3 14-4 | -20 | 651 | -399 
40,5 30 | 8 Ixia | -71 1117 0/8 885 | -19 | 6-31 | 386 
| 50 | 5 2 | 5 {110 | -70 30|3 29] -18 | 6-12 | ‘374 
‘10 ols 2 | 5 Ji08 | -e9 118 0/2 57:6 | 17 | 5-98 | 862 
10 56 15 | 5 lio06 | -e7 [119 0/2 47-7 | “16 | 5-61 | -340 
20.5 10 | 8 |10-4 | 65 || 20 0|2 38-7 | -15 | 5-31 | “322 
30;5 5 | {102 | e4 || 21 0/2 305 | -13 | 5-04 | -305 
40/5 0 | B {101 | -63 || 22 0/2 23-2 | -12 | 4-79 | -290 
50/4 56 | -4 | 9-9 | 62 || 28 0/2 165 | -11 | 4:57 | -276 
1101/4 51 | 4 | 98 | eo || 24 0/2 101 |] ‘10 | 4:35 | -264 
10/4 47 | 4 | 96 | 59 |} 25 0/2 42] 09 | 416 | -262 
0014 43 | 4 | 95 | 58 || 26 0/1 58-8 | -o9 | 3-97 | -241 
30/4 39 | 4 | 9-4 | -57 | 27 011 53-8 | -08 | 3-81 | -280 
40|4 35 | -4 | 9-2 | 56 | 28 0!1 491 | -08 | 3-65 | -219 
50/4 31 | 4 | 92 | +55 Es 0/1 44:7 1 07 | 3°50 | -209 
| 12 o|4 281 1-38 | 9-001 656 || 30 0/1 40:5 | -07 | 3-86 | -201 
I" 401 4 aaa | 37 | 8-86! -548 |, 81 0/1 36:6 | 06 | 3-23 | -198 
| 20 | 4 201 | 36 | 8-74! 541 1 32 011 33-0 | 06 | 311 | “186 
30 | 4 17°3 | -35 | 8-63| 533 | 33 0/1 295 | 06 | 299] -179 
40/4 13-9 | 33 | 8-51| 624 | 34 0/1 261 | -05 | 2:88 | 173 
50 | 4 10-7 | ‘32 | 8-41| 517 || 35 0|1 23°0 | ‘05 | 2°78 | -167 
lig 014 7:5 | 31 | 8°30] -509 " 01/1 20:0 | 05 | 2°68 | -161 
10; 4 44] 31 | 8-20! 503 || 37 0/1 171 | -05 | 2°58 | -155 
00 |4 14 | 30 | 810| -496 || 38 0/1 14-4 | -05 | 2-49 | “149 
30 |3 568-4 | 30 | 8-00| -490 || 39 0/1 11:8 | 04 | 2°40 | “144 
, 40/3 55:5 | 29 | 7°89] -482 11 40 011 9-3 | -o4 | 2-32 | -189 
50/3 52°6 | 29 | 7-79| -476 || 41 0/1 69 | 04 | 2-24] -184 
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TABLE IV.—continued. 





Barometer, 30 in. 
+ when above. 
— when below. 


Thermometer, 50°. 
TABLE OF REFRACTIONS. — when above. 









+ when below. 


Difference to be Difference to be 


ay allowed for. App. 6 allowed for. 


——__—_—— t. | 
V alt.|+1 B.'-1Th, Th. 50°. alt. +1 B.—1°Th 




















e i ‘ ; 
1 93 | 040 | 2-32 | -139 
1,69 | -040 | 2-24 | -184 
1 46 | -038 | 2-16 | -130 | 
1 2:4 | 036 | 2-09 | -125 


" " " | " 


21°2 020 71 043 


“rou 
— OS 
oo . 


19°9 020 67 | °040 
18°8 019 63. °038 
17-7 018 59 += 036 


wa 
© bo 
oo 


1 0°3 034 | 2°02 | °120 74 0 16°6 018 56 | °033 
0 58°1 034 | 1°94 | °117 75 0 15°5 018 52 | °031 
56°1 033) «1°88 | 112 76 0 l4-4 018 "48 | °029 


~“y 
~y 
So 


0 

0 13°4 | :017 "45 | 027 
0 52°3 031 

0 








| 


54°2 | -o32 | 1:81 | -108 
0123 | -017 | 41 . 095 
50°5 | 030 | 1-69 | 101 | 79 | 011-2 | -017 | -38 | -o23 
0 48-8 | -029 | 1-63 | 097 || 80 | 010-2 | 017 | -s4 | -021 
047-1 | -028 | 1-58 | -o94 | 81 | 0 92 | -017 | -31 | -018 
0 45-4 | -027 | 152] -090 || 82 | 0 8-2 | -o17 | -27 | -o16 
0 43-8 | -026 | 1-47 | 088 | 83 | 0 71 | -017 | -24 | -o14 
0 42-2 | -026 1-41 | 085 || 84 | 0 ot | -017 | -20 | 012 
0 40°8 | 025 | 1-36 | 082 || 85 | 0 51 | -017 | -17 - -010 
0 39°3 | -0295 | 1:31 | 079 | 86 | 0 41 | -017 | -14 | -008 
0 37:8 | 025 | 1-26 | 076 |) 87 | 0 31 | -017 | -10 | -006 
0 36-4 | -024 | 1:22 | 073 ' gg | o 2-0 | -017 | -07 | -004 
0 35-0 | -024 | 1-17 | -070 0 1:0 | -017 | -03 | -002 
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TABLE V. TABLE VI. 









Contraction of Semidiameters of © and ) 
from Refraction. 































































3 
a 
dS App. Alt. of © ory. 
so & 
aa ae 
=o oe ' 0 ° ° ° ° r-) 
a 7 | 10] 12! 14] 20: 32] 20 
0 0 0 0 0 0 0 
1 0 0 0 0 0 0 
Za 1 0 0 0 0 0 
3 ] 1 1 0 0 0 
4 2 ] 1 1 0 0 
§ 3 2 1 1 0 0 
6 4 2 2 1 0 0 
8 4 3 2 1 0 0 
9 5 4 8 ] ] 0 
11| 6{ 4] 3] 2] 1] 0 April. 
12 6 5 3 2 1 0 I 18 1 
i33' 7| 5] 4] 2! ato TL [15 288 
wig} 6/4] 2] 1] 0 pee pee 
May. 
1 15 53 
11 15 51:16 12 
21 15 49; 16 14 
| June. Dec. 
1 15 48 16 16 





11 | 15 46; 16 17 
21 | 15 46/16 18 
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TABLE VII. 


AUGMENTATION OF )’S SEMIDIAMETER ACCORDING TO HER 
INCREASE IN ALTITUDE. 


The moon's horizontal semidiameter is found in page 3 of each month in the 
Nautical Almanac, for every day at mean noon and midnight at Greenwich ; and 
the Sun’s in page 2, for every mean noon. 


Horizontal Semidiameter. 
14’ 30" | 15’ 0” | 15’ 30” 16’ Q’ 16 30” | 17% 0% 


— ——— 














——— =~. 





" w" n n “ ” 


0-00 0-00 0-00 0-00 0-00 0-00 
0-71 0°75 0-80 0°86 0-92 0°97 
141 1°50 1:60 1-71 1°83 1:94 
2-11 9°25 2:40 2°56 2°73 290 
2°81 3:00 3-20 3°41 3-68 3°86 
3°50 3-74 3-99 4°25 4°52 4°80 
4-17 4:46 4-76 5°07 5°39 5°73 
4°84 518 5°52 5°89 6°26 6-65 
5-49 5°88 6-27 6-68 711 754 
6°18 6°56 7-00 7-46 7-93 8-42 
6°75 7°23 771 8-22 8-74 9°28 
7°35 7°88 8-40 8-96 9°52 10°12 
7°93 8-50 9°07 9°67 10°28 10°92 
8°49 9°10 9°72 10°36 11-02 11-66 | 
9°03 9°68 10°34 11°02 11°72 12°44 
9°55 10°28 10°93 11°65 12°39 13°15 
10°05 10°76 11°49 12°25 13-03 13-83 
10°52 11°26 12°02 12°81 13°63 14-46 
10°95 11°72 12°52 13°34 14°19 15-06 
11°35 12°15 12°98 13°83 14:72 15°62 
11°72 12°55 13°40 14-29 15°20 16°18 
12°06 12°91 13-79 14:70 15°64 16°60 
12°37 18°24 1414 15°08 16°04 17:08 
12°64 13°53 1446 | 15-41 16°39 17-40 
12°88 13°79 14°73 15°70 16°70 17°73 
13°08 1401 14:96 15°95 16°96 18-01 
13°24 14°18 15°15 16°15 17°18 18°24 
13°37 14°32 15°30 16°31 17°35 18°42 
13°46 14:42 15°41 16°42 17°47 18°55 
13°52 14°48 15°47 16-49 17°54 18°62 


13°54 14°50 15°49 16°51 17°57 18°65 








TABLE VIII. 


PARALLAX OF THE SUN ON THE FIRST DAY OF EACH MONTH, THE 
MEAN HORIZONTAL PARALLAX BEING 8”'G0. 


— SSS ee ee a a ee 


; | Feb. March 
Altitude. Jan. | Dec Nov. 


June 
Aug. 


April May 


Oct. Sept. July. 











The Sun’s Horizontal Parallax is also given for every ten days, in the ‘‘ Nautical 
Almanac,” immediately before the ephemeris of the planets. 


The Sun’s Parallax in Altitude, for every degree, is given in the last of Dr. 
Pearson’s ‘‘ Solar Tables,” vol. i. page 180. 
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TABLE IX. 


REDUCTION OF THE MOON’S EQUATORIAL HORIZONTAL PARALLAX 
TO THE HORIZONTAL PARALLAX IN ANY LATITUDE. 





HORIZONTAL PARALLAX. 

















Latitude. 
54! 56’ | 58’ | 60’ 62" 
; ; : : : : 
0-0 0-0 0-0 0-0 0-0 
8 0-2 0-2 0-2 0-2 0-2 
16 0-8 0°8 0-9 0-9 0-9 
20 13 1°3 1-4 1-4 15 
24 1°8 1-9 1-9 2-0 2-0 
98 2-4 2°5 2°6 2-6 2-7 
32 3-0 3-1 3-3 3-4 3°5 
36 3-7 3-9 4-0 41 4°3 
40 4°5 46 4:8 5-0 51 
44 5-2 5-4 5°6 58 6-0 
48 6-0 6-2 6-4 6-6 6-8 
52 6-7 7-0 7-2 7-4 76 
56 74 77 8-0 8°2 85 | 
60 8-1 8-4 8-7 9-0 93 
64 8-7 9-1 9°4 97 10°0 
68 9°3 9°6 10°0 10°3 10°6 
72 9°8 10°1 10°4 10°8 112 
76 10-2 10°6 10:9 113 11°7 
84 10°7 11°1 115 119 120 
90 10°8 11-2 11°6 12-0 124 


The Moon’s Horizontal Parallax, given in the third page of each month in the 
Nautical Almanac for noon and midnight, is the equatorial parallax for Greenwich 
mgean noon and midnight; from thence it is to be deduced for the time and place of 
observation. The correction for latitude, on account of the spherical figure of the 
earth, is sellom thought of at sea, but can be made from the table above. Thus, 
ea eoraae the hor. equat. par. to be 58’; the hor. par. in lat. 52° would be 58"°2= 
57 52"°8. 

This reduced hor. par. is to be farther corrected for altitude by means of tables for 
that purpose (see Pearson, vol. i. pages 188 to 196 : and Riddle, pages 156* to 173) ; 
or by the following rule :—sin hor. par. x cos alt. = sin par. in alt. 





* Riddle’s tables are for clearing the lunar distance, and the corrections are for 
both parallax and refraction. 
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TABLE X. 


PARALLAX OF THE PLANETS IN ALTITUDE. 





PLANETS HORIZONTAL PARALLAX. 





10; 11 )13) 14] 16 | 17 | 19 | 20 


wonowensnenynn © WwW Ww © Ww Bs 


SCOoOOO OOO OO °C BM me mm met mete 





ooo Ht HM ID WD HNH WWW HD eh eh eh PR hw HM TN HN OH z 
SoD OH HH HD Rh hh RMN AAA AQ AAN NY s 
SCO F-F Bt WH WOW RR ANNA @AQnNNWN OO WO OO O 


9 

9 

‘ 

8 

8| 9 

7; 9 
2 7); 8| 9] 11 | 12] 18] 14] 16 | 17 
2 6; 8| 9] 10/11) 12/14) 15) 16 ! 
2 6| 7| 8} 9] 10{ 11) 12] 14) 18 
2 6); 7| 8] 9); 10/11} 12]18] 14 
1 5} 6) 7}| 8} 9/10) 10] 11 | 12 
1 4; 5! 6; 7] 8| 9} 9/10} 11 
1 4; 5; 5] 6] 7} 8| 8| 9] 10 
1 3; 4; 5| 5| 6; 6] 7| 8] 8 
1 3/ 3; 4); 4] 5| 5] 6; 6] 7 
1 2; 3| 8/ 4] 4] 4) 5] 5! 6 
0 2; 2} 2] 8] 8] 8; 4] 4) 4 
0 1/1} 2] 2/ 2] 2;] 2) 3] 8 
0 1 YT; ody vyoyyod_yoa1atyi41iyi 
0 0; 0; O; O; Of OF OF OO} O 





The Parallaxes and Semidiameters of the Plancts are given in the ‘Nautical 
Almanac.” 
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TABLE XI. 


DIP OF THE SEA HORIZON. 


Height o Height of Height of | Height o 

















the Eye| Dip. the Eye} Dip. |! the Eye; Dip. || the Eye| Dip. 
in Feet, in Feet. in Feet. in Feet. 
‘ " é " , " 4 n 
1 0 59 18 411 35 5 49 86 9 8 
2 1 24 19 417 38 6 4 89 917 
3 1 42 20 4 24 41 6 18 92 9 26 
4 1 58 21 4 31 44 6 32 95 9 36 
5 2 12 22 4 37 47 6 45 98 9 45 
6 2 25 23 4 43 50 6 58 101 9 54 
7 2 36 24 4 49 53 7 10 104 10 2 
8 2 47 25 4 55 56 7 22 107 10 11 
9 2 57 26 § 1 59 7 34 110 10 19 
10 3 7 27 5 7 62 7 45 113 10 28 
11 3 16 28 5 13 65 7 56 116 10 36 
12 3 25 29 5 18 68 8 7 119 10 44 
13 3 33 30 5 24 71 8 18 122 10 52 
14 3 41 31 5 29 74 8 28 125 11 0 
15 3 49 32 5 34 77 8 38 128 11 8 
16 3 56 33 5 39 80 8 48 131 11 16 
17 4 4 34 5 44 83 8 58 134 ll 24 
TABLE XII. 


DIP OF THE SEA HORIZON AT DIFFERENT DISTANCES FROM IT. 





ae Height of the Eye in Feet. 

5 10 15 20 25 30 

. ' 4 : * 
0-95 11 22 34 45 56 68 
0-5 6 11 17 22 on 4 
0°75 4 8 12 15 19 23 
i 3 4 6 8 10 12 
2:0 2 3 5 6 8 0 
3-0 2 8 4 5 : i 
40 2 3 4 4 5 
5-0 2 3 4 4 : - 
6:0 2 3 4 4 6 : 
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TABLE XIII. 


FOR THE REDUCTION OF THE MERIDIAN, 










































































3 
Showing the value of A = an iP 
sin 1 
Om. as 2m. Sm. | 4m. | 5m. | ém. | 7m, | 8m. | Om. | Yona | 1m. | 12m. 
| | 
” [ un “" a“ ” wn” ” | “ ” | ” ” 

0 | 0:0!2°0] 7:8) 17°7 | $1°4| 49-1] 70°7| 962° 195°7 | 159-0 ' 1963 | 237°5 | 282°7 
1/00, 20} 80] 17-9 31:7 | 49-4] 71-1] 96°7 ; 126-2 | 159°6 | 197-0 | 238.3 | 283-6 
2!0°0; 21 | 81 | 181 31°9 | 49°7 71°5 97"1 | 126-7 160°2 | 197°6 | 289-0 | 284-2 | 883°4 
3 0-0 | 22 82 | 18°3 ' 82-2 50:1] 71°90! 97: | 127-2 | 160°8 | 198°3 | 239-7 | 285-0 
4.|0°0' 2:2) 84) 18°65 32°5 | 50-4 | 72°3 | 98-0 | 127-8 | 161°4 | 198-9 | 240°4 | 285'8 | 
§ | 0°0' 2:3 | 8°5 18°7 | $2°7 50°7 | 72°7| 98°5 , 128-3 162°0 | 199° 241°2 | 286° | $86°0 
6 | 00:24) 87 | 18-9 33-0 | 51:1 73'1 | 99°0  128°8} 162°6 | 20u'3 | 241°9 | 287°4 | 336 9 
7100 341} 88! 19°1 | 88°83: 614 / 73°5 99°4 , 129 3 | 163-2 | 200°9 | 2426 288-2 | 337°7 
8100; 2°5| 891193 '33°5 51:'7| 73-9! 99-9 120-9 | 163-8 | 201°6 | 248°3 | 289-0 | 338°6 
9/00 26) 91/195 33:8 521] 74:31 1004 130-4; 1644 202 2| 244-1 ' vS9°8 | 339°4 
10 fori 27 9°2 |) 19°7' 341 52°41 74-7 | 100°8 | 131:0 | 165°0 | 202-9 | 244°8 | 290°6 | 340°3 
11101 2:7 | 9°41 10:9 844 52-7) 75-1 | 101°3 | 181-5 | 165°6 | 208-6 | 245°5 | 201°4 | 3412 
12} 01.28 | 95! 201/846 63:1 | 75°5 | 101°8 | 132°0 | 166-2 | 204-2 | 2463 | 292-2 | 342-0 
13 | 01429] 96] 20°38 | 349 53°41! 75°9 | 102°3 | 132°6 | 166°8 , 204°9 | 247°0 | 203-0 | 332°9 
14 | 071), 20 | 9°8 | 20°5 , 35°2 53.8| 76°83 | 102°7 138-1 | 167°4 | 205°6 | 247°7 | 293°8 | 343°7 
15 | 0-1; 3°21 | 9°9 | 20°7 | 835°5 54-1 | 76°7 | 103-2 : 183°6 | 168-0 | 206°8 | 2485 | 294-6 344°6 
16 | 0-1 | $°1 | 1071 | 20-9 | 35°7 | 64°5 | 77°71 | 103-7 | 184-2 | 168-6 | 206-9 | 249°2 | 295-4 | 345-5 
17 | 0°2 | 8°2 | 10°2 | 21°2 | 836°0 64°8 | 77°5 | 104°2 | 134°7 | 1692 | 207-6 | 249°9 | .96°2 | 346 4 
18 102/33 | 10°4] 21°4 | $6°3 , 55-1 | 77°9 104°6 | 184°3 | 169°8 | 208°3 | 250°7 | 297-0 | 347°2 
19 | 0°2| 8°4| 10°5 | 21°6 36°6 | 55°5 78°3 | 105°1 | 185°8 | 170°4 | 208°9 | 251 4 | 207°8 | 3481 
20 | 0°2 | 3°5 | 10°7 | 21°8 | 36°9 | 55°8 | 78°8 | 105°6 | 186°3 | 171-0 ; 209°6 | 252-2 | 2986 349-0 
21 | 0°2! 3°6 | 10°8 | 22°0 | 87°2 | 56-2 | 79°2 | 106°1 | 136-9 | 171°6 | 210°S | 258-0 | 209-4 | 340°8 
22 | 0°3 | 3°7 | 11-0 | 22°3 | 87-4 | 56°5 | 79-6 | 106°6 | 187°4| 1722 211-0 | 253-6 | 300-2 | 350°7 
23 | 0-3 | 8°8 | 11°2 | 22°6 , 37°7 | 56-9 | 80°0 | 107-0 , 138°0 | 172°9 | 211 7 | 254-4 | 301-0 ' 351°6 
24 | 0°3 | 3°8 | 11°3 | 22°7 | 88-0 | 57°3 | 80°4 | 107°5  138°5 | 173°5  212°3 | 236°1 | 301°8 | 352°5 
25 | 0°31 3°9 | 11°5 | 22-9 383 57-6 80°8 | 108°0 | 139°1 | 174°1 | 218-0 | 255 9 302-6 | 353°3 
26 | 0°4: 4:0 | 11°6 | 23-1 | 386! 58°0/ 81°3 | 108°5 = 139°6 | 174°7 | 213°7 | 256°6 ' 8303'5 | 354°2 
27 | O'4( 4't | 11°8 | 23°41 38-9 58-3) 81°7 | 100°0 | 140°21175°3 214°4 | 257-4! 304°8 | 45571 
28 | 0°4| 4:21 11°9 | 23-6 | 39°2 | 58-7 | 82-1 | 109°5 | 140°7 1175-9 215-1 | 258-1 | 805-1 356-0 
29 ' 0's | 4°8 | 121 | 23-8 | 89°5 . 59°0 | 82°5 | 110-0 | 141-3 | 176°6 | 215-8 | 258-9 | 305-9 | 356-9 
80 | 0°5 | 44 | 12:3 | 24:0 | 89°8 | 50-4 | 83-01 1104 141-8 | 177-2 | 216-4 | 259 6 | 306-7 | 357-7 
St 0°5 | 4°5 | 12°4 | 24°3 | 40°1 | 59-8 | 83-4 110°9 | 142°41177'8 2171 | 260°4 , 307°5 | $58°6 
82  0°6 : 4°6 | 12°6 | 24°5 | 40°3 | 60-1 | 83°8 | 111°4 | 143°0 | 178-4 | 217°8 | 261 1 | 308°4 | $59°5 
33 poe ae 12°8 | 24°7 | 40°6 | 60'5 | 84°2 | 111°9 | 148°5 | 179-0 218 5 | 261°9 | 309-2 | 360-4 
84  0°6 | 4°8 | 12°9 | 25-0 | 40°9 | 60°8 | 84-7 | 112°4  144°1 | 179-7 , 219-2 | 262°6 | 810°0 | 361°3 
85 | O'7 | 4°9 | 13°71 | 25-2 | 41°2 | 61-2 | 85°1 | 112° 144°6 | 180°3 219-9 | 263-4! 310'8 | 862°2 
86 | 0-7 6:0 118-3 25-4 | 41°5 | 61-6 | 85'5 | 113°4 | 145°2 | 1809 220°6 | 264-1 $116 363°1 
37 | 07 | 51 eee 418 61°9| 86:0} 113°9  145°8 | 181°6 | 221°8 | 264-9 ' 3125 364-0 
88 | 0°8 | 5:2 18°6 | 25:9 | 42°1 | 62°3 | 86-4 1144, 146°3 . 182-2 | 222-0 | 265-7 | 313°3 3648 
$9 | 0°8/ 63 | 18°8 26-2 42°5 | 62°7 86:8! 1149 1469 182°8 | 2227 | 266-4 | 314-1 365°7 
40 (09 | 54; 14:0 26°4 | 42°8 ' 63-0 | 87°3 | 115°4 147°5 | 183°5 | 223°4 | 267-2 | 315.0 | 366°6 
41 | 0°9 | 5°6 | 1471 | 26°6 | 43°1  68°4 | 87-7 |: 115°9 | 148°0 | 184-1 | 224°1 | 267-9 , 8158 367°5 
42 | 1:0] 5°7 | 14°3 | 26-9 | 43°4 63°68 | 88°11 116 4 | 148°6 | 184°7 | 224-8 | 268'7 | 8316°6 3r8'4 
43 | 1°0 | 5°8 | 14°5 | 271 43-7 | 64-2 88°6 | 116°9 149°2 | 185-4 225°5 | 209 5 | 817°4 | 360-3 
44/11 ' 69 | 14°7 | 27°4 | 44:0 64°5 | 89°0 | 117°4, 149°7 |) 1xd-0 2262 | 2703 | 318 8 | 870°2 
45 | 11 | 6°0 | 14°8 27-6 | 44°3 ; 64°9 | 89°5 | 117-9 | 150°3 | 186°6 | 226-9 | 271°0 | 31971 | 87171 
46 | 1:2! 61 | 15:0 | 27-9 | 44°6 965-3 | 89-9 | 118°4 | 150'9 j 187-3 | 227-6 | 271°8 | 319-9 372°0 
47 | 1°2 | 6-2 | 15°2 | 28-1 | 44:9 | 65°7 | 90-3 | 118°9) 151°5 | 187°9 | 228°3 | 272°6 | 320°8 | 372°9 
48 | 1°3 | 6:4 | 15°4 | 28-3 | 45°2 | 66°0 | 90-8 | 119°5 | 152°0 | 188°5 ' 229°0 | 273°3 | 821°6 373 8 
49 | 1°3 | 6°5 | 15°6 | 28°6 | 45°5 | 66°4 | 91°2 | 120°0 | 152°6 | 189-2 | 229-7 | 274-1 | 322°4 | 874°7 
50 | 1°4 | 6°6 | 15°8 | 28°8 | 45-9 . 66°8 | 91°7 | 120° | 158°2 | 189°8 | 230°4 | 274-9 | 823-3 | 375°6 
BL | 14 | 6°7 | 15.9 | 20-1 | 46°2 67-2 | 92-1 | 121-0 | 153°S | 190°5 | 23-1 | 275-6 | 824-1 | 8376'S 
62 | 1°5 | 6°8 | 16°1 | 20°4 | 46°5 | 67°6 | 92°6 | 121°5 , 154°4 | 191°1 | 231°8 | 276-4 | 825-0 | 877°4 
53 | 1°65 | 7°0 | 16°3 | 29°6 | 46°8 | 68-0 | 93°0 122-0 | 154°9 191°8 | 239°5 | 277-2 | 3258 | 378°3 
64 | 1°6 | 7:1 | 16°5 | 20°9 | 47°1 | 68°38 | 93°5 | 122°5 | 155°5 | 192-4 | 283-2 | 278-0 | 326°7 | 379°3 
65 | 1°6 | 7°2 | 16°7 | 30°1 | 47°5 | 68-7 | 93-9 | 123°1 | 156°1 | 193-1 | 234-0 | 278°8 | $27°5 x8u2 
56 | 1:7; 7°3 | 16°9 30-4 | 47°8 | 691 94°41 123°6  156°7 | 193°7 | 234°7 | 279-5 | 328-4 3811 
57 |1°8 | 7°5|171 | 30°6 48°1 69°5 | 94°8 124°] | 157°B | 194-4 | 235 4 | 280-3 3-9-2 | 382-0 
58 1191761173) 80°9 48'4 | 69°9 953 124°6 | 157°8 195°0 | 236-1 281:1 330°0 | 882°9 
59 |1°917°7}17°5 81°] 48°8 | 703; 95°7 | 125-1 | 158-4, 195°7 | 2368 | 381-9 3809 383-8 








Table XVIII. of Mr. Baily extends to 36 minutes from the meridian. 
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TABLE XIV, 
TO COMPUTE THE EQUATION OF EQUAL ALTITUDES. 








Log. A. | Log. B. Tater’ Log. A, Log. B pact Log. A. Log. B. Inter-| Log. A. Log. B. 


a | a ee a SE es | ES ES ee | 























H.. M H. M H. M, 
77207 | 7°7146 | 4 0 | 77-7447 | 76823 || 6 0 | 7-7703 | 7-6198 | 8 0 | 737-8072 | 7-5082 
7298 | -7143 2] ‘7451 | “6815 | 2] “7708-614 2] 8079 | ‘Su-6 | 
7300 | 7139 4 | °7454 | 807 4| -7713'' 6170 4} -sos6 | 5010 
‘7302 | ‘7136 6| -7458 | -6800 6] 7719) -6156| 6| ‘sa94 | -a9s3 
7304 | -7189 8| 7461 | -6792 g| -vr24a] -6142 8}| slol } -4957 
7305 | -71298| 10] ‘74041 ‘6784 10| -7729} 6127} 10] “8108 | 4930 
7307 | 7125 | 12 | -7468 | 877 12 | 7735! -6113 | 12] ‘8116 | “ae 
7309 | “7121 | 141| ‘7472 | -6768 14] -7740| -6098} 14! ‘silos | -4sv4 
7311 | 7117 | 16| -7478 | 6759 16 | 7745 | -6os3 | 16] -3130 | “4846 
‘7318 | -7113 | 18 | -7479 | 6751 18 | ‘7751 | -e0ss | 18] “S138 | “48138 
‘7315 | 7109 | 20] 7482] ‘e743 || 201] -7758| -e053 | 20 | “8145 | -4789 
‘7317 | °7105 | 221] 7486) ‘6734 | 92] “7762 | -6038 | 22] -8153 | -4760 
‘7319 | -7loL | 241 “74901 6726 24| 7767 | ‘6023 | 24] -8i60) “4731 
7321 | -vo97 | 26 | +7494 | -6717 26| -77731 -6007 | 26)| ‘8168 | -47e1 
7323 | -7o92 | 298] -7497 | -6708 28 | -7779] -5991 v8 | -gi76 | -4671 
‘7325 | -7088 | 80] -7601 | 6700 30 | -7784 | -5975 | 30! ‘8183 | -4640 
‘7327 | “7033 | $2! -7305 | -6691 32 | -7790] +5959 | 82] -g191 | -4609 
‘7329 | -7070| 341! °7500| -6ss2 34| 7196] 5943 | 34/ ‘8199 | °4578 
7331 | 7075 | 36| °7513 | 6673 33 | 7801 | -5927| 36] S206] -4546 
7338 | -7070| 38! °7517 | -6663 38 | -7so7| -5910! 38 | 8214] -4514 
7336 | -7066| 40] 7521 | 6654 40 7813] 5994] 40) ‘822 
7338 | -7oe1 | 42] 7525 "#645 42 | -T819] ‘5877 | 42 | -8230 
7340 | -70968 | 441] °7529 |] 6635 44| ‘7825 | 8800 | 44 | °8938 
7342] -7051 | 46] -°7533 | 6626 46| 7531 | “5843 | 48] -8946 
7345 | -7046| 48 | -7537 | -6616 48 | 7936 | -5se25 | 48 | 8254 
7347 | -7041 | 60] ‘7541 | ‘64606 ;| 50 | -7812 | -5808] 680| -8262 
7349 | °7036| 52] ‘7545 | -6597 52 | ‘7348] 5790] 52 | “8270 
7352 | -7031 | 64] °7649 | -6587 54| 7854) “S772 | 64 | ‘R278 
7354 | -7026 | 356] -7553| “6577 56 | ‘7860 ] +5754 | 56 | -8286 | 
7357 | -7o21 | 58 | 7557 | -8567 58 | ‘7867 | °5736!| 68] "S204 ) 
7369 | °7015| 56 0| ‘7582 | -6556,,7 0| ‘7873 | ‘5717 |9 0 | -8802 
7362 | -7010 2] ‘7566 | 6546 | 2 | “7379 | “S699 2] -8311 
7364 | 7005 4| ‘7570 | 6535 || 4] -7x85 | “5680 4| 8319 
7367 | -6999 6| 7575, °6525 | 6| -7e9l| -Se6L 6 | -38328 
7389 | -693 8 | ‘7579 | -eal4 8] -73898 | 5641 8 | 8336 
7372 | ‘6988 | 10] °7383 | -6504 10 | -7904| -5622/ 10/| -8344 
7374 | -6vs2 | 12] -7588! -e493 |) 321] -za10 | -s602| 12] -8353 
7377 | 6976 | 14] -7592 | -6482 14] -7916 | -35s2 | 141-8881 
7380 | -6970| 16] -7597 | “e471 16 | ‘7923 | °5562; Id | ‘8370 
7383 | 6964] 18] 7601 | -6460 18 | ‘7929 | 5542 | 18] 8378 
7386 | 6958 | 201 ‘7 “6418 20 | ‘7936 | -55221 20 | -8387 
7388 | 6952 | 22 | “7610 | 6437 22 | ‘7942] -‘Ssul | 22] 8396 
“7391 | 6046 | 94] “7615 | -6425 24 | -7949 | -5490| 24 | -8404 
7394 | 6040] 26] °7620! 6414 26| -7953 | -5459| 26] 8413 
7397 | 6934 | 28] -7624 1 -s402 23 | -7962 | ‘5437 | 98 | ‘Bane 
7400 | “692 30 | “7629 | -6890 go | -7969/ -3416 | 30 | -8480 
7103 “6921 32 7634 637 82 7075 "439482 "8439 
7408 | -6914 | 341] -7638] 6366 34 | -T982| “5372 | 34 | -R4i48 
7409 "6908 86 7643 63.54 86 TISQ "A350 36 8457 
7412} 6901 | 38] “7643 |} 6342 |} 38] “7995 | ‘5327 | $8 | °8466 








"6: 40 8002 5304 40 8475 

7653 6317 | 42 "8009 5281 42 8184 

7421 *6581 44 7663 6304 44 “8016 5258 44 $493 
7424 “n874 46 7668 6 '9l 46 "8023 5234 46 8502 
7428 "6867 48 7673 "627 48 “8030 3211 48 8511 
7428 6859 50 7678 6265 50 "8937 61855 50) 8520 
7431 *6852 52 7683 6252 | 52 8044 5102 52 8539 
7437 “6845 54 7688 6239 54 “8051 5137 54 8539 
7441 *6N38 56 7693 6225 56 "8058 "S112 56 8548 
7444 *6830 Pa Lee oa 212 58 *8U64 3087 58 $558 





| gso72 | z-s08z f10_0 | 7.8867 | 7 


In Table XVI. of Mr. Baily, the Equation of equal Altitudes is given for the entire 
interval of 24 hours, but it is seldom required beyond the above limits. 
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TABLE XV. 


LENGTH OF A SECOND OF LATITUDE AND LONGITUDE IN FEET 
ON THE SURFACE OF THE EARTH, THE COMPRESSION BEING 
TAKEN AS 317. 

















Seconds | Seconds Seconds Sacnulas Seconds | Seconds 
Lat. jof Longi-; of Lat. jof Longi-| of Lat. jof Longi- of 
tude. Latitude tude. ‘Latitude. tude. |Latitude. 
—— -——— DS Sos ok ye 
0 | 101-42 al 25 | 91°97 | 101°60 50 | 65°32 | 102-02 
1 | 101-40 96 | 91-21 51 | 63°95 
2° | 101.36 27 90°43 52 | 62°57 
3 | 101°28 28 | 89°62 53 | 61°17 
4 | 101°17 29 | 88°77 54 | 59°75 
5 | 101°03 | 101743 || 30 | 87°90 | 101°67 |; 55 | 58°30 | 102711 
6 | 100°87 | 31 87°01 56 | 56°84 
7 | 100-67 32 | 86:09 57 | 65°37 
8 | 100-44 83 | 85:14 58 | 53°87 
9 | 10018 34 | 84:17 59 | 52°36 
10 99°89 | 101-45 | 35 | 83°17 | 101°75 || 60 | 50°84 | 102719 
11 99°57 36 | 82°15 61 | 49°30 
12 99-22 | 37. | 81:10 62 | 47°74 
13 98°84 ; 88 | 80°02 63 | 46°17 
14 98°43 || 39 | 78-92 | 64 | 44°58 
15 97°99 | 101°49 || 40 | 77°80 | 101-84 | 65 | 42°98 | 102-26 
16 97°52 41 | 76°65 | 66 | 41°37 
17 97-02 42 | 75°48 67 | 39°74 
18 96-49 43 | 74:29 | 68 | 38°10 
19 | 95-44 44 | 73:07 | 69 | 36-45 
20 | 95:46 | 101°54 | 45 | 71°83 | 10193}, 70 | 34:80 | 162-40 
21 94°74 46 | 70°57 | 71 | 33-12 
22 94:09 47 | 69°29 — 72 | 3143 
23 93°41 | 43 | 67-99 93 | 29°74 
24 92°70 | 49 | 66-66 74 | 28-04 


One second of time, at the Equator = 1521°3 feet, or 507 yards. 


Puissant, calculating the compression from the measurement of the great arc in 
France, obtains different results on different sides of the Meridian of Paris, making 
it as low as 5}, on the side of the Atlantic, and ,’, to the Eastward ; which latter 
quantity is generally assumed on the Continent. 

x 
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TABLE XVI. 


CORRECTIONS FOR CURVATURE AND REFRACTION. 


Showing the difference of the Apparent and True Level in Feet, and Decimal parts 








Distances in Feet. 


150 


450 
500 
550 
600 
650 
700 
750 
800 


800. 
850 
1900 
1950 


02392 


y mel 


rr 


Correction in Feet. | 


For Curvature. 
For Refraction. 


00054 


ey | 


100 -00024 |-00004 00020 


"00008 | -00046 ! 
200 | °00096 |°00013 .-00083 
25000149 -00021 00128 . 
300 °00215 | 00031 :.00184 | 
350 °00293 "00042 |-00251 
400 °00383 00055 |:00328 


"00484 |°00069 °00415 


"00598 | 00085 | 


00724 ::00103 


00861 ,:00123 | 
"01010 (00144. 


‘01172 "00167 
01345 ; 00192 


01531 00219 


01728 00247 


01938 | -00277 
‘02159 | 00308 
‘00333 
02638 | 00377 
02895 |°00414 
03164 | 00452 
03445 | 00492 
"037388 | 00534 
04043 | 00578 
04361 | 00623 
04689 | 00670 
05030 |-00719 
05383 |00769 
05748 |°00821 
"06125 | 00875 
06514 | 00931 
"06914 '-00988 
"07327 ::01047 
07752 |-01107 
08188 |-01170 
08637 |'01234 
09098 |-01300 
09570 | 01367 














Correction in Feet. 











: | 
ig one 
ed )o| 2 | 8 jes, 
33 | 2: 2 | SB | 280 

cei gs, £ | & | Es 

oa 's| So | & | &a 
sz 12) 5 | § | BF | 
a | A ra <3 i ! 
| 
1-0 |:00010|-00001 |-00009, 

1-5 |-00024 |-00003|-00021 

2°0 00042 |-00006 |-00036 

2°5 *00065|-00009 | 00056 

3-0 *00094 |-00013 |-00081 

3°5 00128 :-00018|-00110 

4-0 |00167 |-00024 |-00148 

4°5 -00211 |-00030 ;-00181 

‘00513 | 5-0 00261 |-00037 :-00224 
‘00621 | 5:5 *00315 |-00045 ;-00270 
‘00738 | 6-0 :00375 |00054'-00321 . 
‘00866 | 6°5 !-00440|-00063|-00377 | 
"01005 | 7°0 °00511|-00073 "00438 | 
‘01153 | 7°5'-00586|-00084 |-00502 | 
01312 | 8-0 -00667 |-00095|-00572 | 
"01481 | 8°5 -00753|-00108 |-v0645 
‘01661 | 9-0 00844 |-00121 |-00723 
‘01851 | 9-5 -00940!-00134 |-00806~ 
"02059 10-0 °01042'-00149 |-00893 | 
02261 10-5 01149 -00164!-00985 | 
"02481 ‘11-0, °01261 |-00180 |-01081 | 
‘02712 :11°5;°01378 00197 |-01181 | 
02953 12-0 -01501 00214 /-01287 
‘03204: 12°5 -01628 '-00233|-01395: 
"03465 13-0 -01761 00252-01509, 
03738 13:5 '-01899 -00271 |-01628) 
"04019 '14°0 02043 -00292;-01751). 
‘04311 14-5 -02191 -00313/-01878' 
"04614 {15-0 '°02345 -00335 |-02010!) 
"04927 15°5'-02504 -00358 "02146 | 





05250 .16°0 °02668 00381 |:02287, 


"05683 '16°5 !-02837. 


"05926 © 
‘06280 
"06645 
07018 
07403 
07798 
08203 _ 


17°0 -03012 
17°5 :03192 


18-0 03877 
18°5 ,°03567 ' 


19:0 |:03762 


19°5 |°03963 | 


20°0 | 04169 


4 


"00405 |-02432 
(00430 02582 
00456 “09736 
00482-02895. 
“00509 '-03058| 
“00537 *03225 
"00566 -03397 


| 


Peer doees | 


Distances in Miles. 


13 
14 
15 
16 
17 
18 
19 
20 


82-6830 
87°5190, 5°3599 


4 





of Feet, for Distances in Feet, Chains, and Miles. 


Correction in Feet. 


—— | | eee | comme | | ees | ques Gee ee 





2 8 

a: 

é & 

& 6S 

Sua bua 

= iS 

0417: 0060 

1668: :0238 

3752| °0536 

6670! *0953 
1:°5008/ -2144 
2°6680; °38]] 
4°1688| °5955 
6°0030| °8561 
81708 | 1°1673 
10°6720| 1°5246 
13°5468; 1°9295 
16°6750| 2°3821 
20°1769 | 2°8824 


24:0120| 3°4303 
28-1809' 40258 
4°6690 


42-6880! 6-0997 
48°1910! 6°8844 
540270 7°7181 
60°1971| 8-5996 
66°7000| 9°5286 
80°7070 11°5296 
96-0480 13°7211 
112°7230 16°1033 


180°7320 18°6760 }112°0560 
150°0750 21°4393 128°6357 
170°7520 24°3931 '146°3589 
192°7630 27°5376 165°2254 
216°1086 30°8727 185°2359 
240°7870 34°3981 '206°3889 
266°8000 38°1143 228°6857 






For Curvature 
and Refraction. 


96°6197 


TABLE XVII. 
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REDUCTION IN LINKS AND DECIMALS UPON EACH CHAIN’S LENGTH 
FOR THE FOLLOWING VERTICAL ANGLES. 





3 
3 
3 
3 
4 
4 
4 
4 
5 0 
5 
3 
5 
6 
6 
6 
6 
7 


RATIO OF SLOPES FOR THE 





4 


15 
30 
45 

0 
15 
30 
45 

0 
15 
30) 
45 

() 
1) 
23 


WWWHNNNHHK HHH OOS 0 





Redue- 
tion. 


°137 
"161 
187 
‘214 
"244 
°275 
308 
343 
381 
420 
460 
503 
548 
"594 
643 
693 
745 








To one 
perpen- 
dicular. 





229 

115 
76 
57 
46 
39 
dod 
28 
20 
23 
21 
19 
1: 
17 





ee a CC 


Augle. 


35 
49 
6 
24 


o 


CO ON SO ke oe ie OS 
poms 
tS 


te 


To one 
perpen- 
dicular. | 


16 
15 


14 


TABLE XVIII. 


FOLLOWING VERTICAL ANGLES. 





Angle. 


To one | 
perpen: | 
dicular. || 





: 


Angle. 


== 





° 


18 


4 


26 
59 
48 
58 
34 
44 
42 


To one 
perpen- 
dicular. | 





~ to © 


et ert OD HS 
Od eeprom Re me 


| 
to 
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TABLE XIX. 


COMPARATIVE SCALE OF FAHRENHEIT’S, REAUMUR’S, AND THE 
CENTESIMAL THERMOMETERS. 


Ceo VIZ Sor! wm ew 9 —& CO ?P = 


dfn tp fd 
m OO NW FH © 


bad he pk ed 
eo ao ax QR ON 


wo Oo w WHO Ww 
m CO OO me 


Reau. | Cent. |/Fah.} Reau. | Cent. |/Fah. 





14°2 
13°8 
13°3 
12°9 
12°5 





12°0 
11°6 
11°] 
10°7 
10°2 
9°8 
9°3 
89 
8°4 
8:0 
76 
71 
6°7 
6°2 
5°8 




































































Eres | oe _——eweee | eee | eee LFA a A ee | 


5°3 
4°9 
4°4 
4°0 
3°6 


" ° 
17°8 || 25 
17°2 || 26 
16°7 || 27 
16°1 || 28 
15°6 || 29 
15°0 || 30 
14°4 |) 31 
13°9 || 82 
13°3 || 33 
12°8 || 34 
12°2 || 35 
11°7 || 36 
11‘1 |} 37 
10°6 || 38 
10°0 || 39 

9°4 || 40 

8°9 || 41 

8°3 || 42 

78 || 43 

7°2 || 44 

6°7 |; 45 

61 |; 46 

5°6 | 47 

5°0 |; 48 

4°4 || 49 


3°1 3°9 
2°7 3°3 
2°2 2°8 
1°8 2°2 
1°3 17 
0°9 11 
0°4 0°6 
0°0 0°0 
+ + 
04) 06 
0°9 11 | 
1°3 1°7 
1°8 22 
2°2 2°8 
27 3°3 | 
3°1 3°9 
3°6 4°4 
4°0 5:0 
4°41) 56 
4°9 6°1 
5°3 6°7 
5°8 72 
6-2 | 7:8 
6°7 8°8 
71 8-9 
7°6 9°4 





eau: Cent. | Fah.; Reau. | Cent. 

| + + | + + 
" r e A a 
8-0 | 10-0 || 75 | 19°1 | 238°9 
8-4 | 10°6 || 76 | 19°6 | 24-4 
8-9 | 11:1 || 77 | 20-0 | 25-0 
9°3 | 11°7 || 78 | 20-4 | 25°6 
9°8 | 12-2 || 79 | 20°9 | 26-1 
10:2 | 12°8 || 80 | 21°3 | 26-7 
10:7 | 13-8 || 81 | 21:8 | 27-2 
11:1 | 13-9 || 82 | 22-2 | 27°8 
11°6 | 14:4 || 83 | 22-7 | 28°38 
12°0 | 15-0 |] 84 | 28-1 | 28-9 
12°4 | 15°6 || 85 | 23-6 | 29-4 
129 | 16-1 | 86 | 24-0 | 30:0 
13°3 | 16-7 | 87 | 24-4 | 80-6 
13°8 | 17°2 |, 88 | 24°9 | 81:1 

| 14:2 | 17-8 |} 89 | 25°83 | 31-7 
14-7 | 18°3 | 90 | 25°8 | 32-2 
15*1 | 18°9 || 91 | 26-2 | 32:8 
156 | 19:4 || 92 | 26-7 | 33-3 
160 | 20-0 |} 98 | 27:1 | 33-9 
16:4 | 20°6 | 94 | 27°6 | 34°4 
16°9 | 2171 || 95 | 28-0 | 35-0 
17:3 | 21:7 || 96 | 28:4 | 35°6 
17°8 | 22-2 | 97 | 28-9 | 86-1 
18°2 | 22-8 | 98 | 29-3 | 36-7 
18:7 | 23:3 || 99 | 29°8 | 37-2 


The following formula will serve for the comparison of these Thermometers :— 


F=7C+ 32 =2?R 4+ 32 


C = §(F — 32) = §R 
R = $(F -— 32) = 4 C 
Freezing point Boiling point 
Fahrenheit 2° ‘ . 212° 
Reaumur_. ‘ ee |) 80 
Centigrade ‘ : . O 100 


The rithms answering to every degree of the graduations of the above Thermo- 
meters will be found at page 296, vol. i., of Dr. Pearson’s ‘‘ Practical Astronomy.” 
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TABLE XX. 


COMPARATIVE SCALE OF BAROMETERS. 


English. French. 

Inches. Inches, Lines. Millimétres. 
29°0 27 2°53 736°6 
29-1 27 3°65 739°1 | 
29-2 27 4°78 741°7 
29°3 27 5°90 744°2 
29-4 27 7-03 746°8 
29°5 27 8-16 749°3 
29°6 27 9-28 751'8 
29:7 27 ~=—-10°41 754°4 
29°8 27 ~—s«11°38 756°D 
29°9 28 0°66 759°5 
80-0 28 1°79 762°0 
30°1 28 2°91 764°5 
80°2 28 4-04 767°1 
30°3 28 5-16 769°6 
30°4 28 6-29 772°2 
80°5 28 7°42 T74°7 
30°6 28 8°55 7778 
80-7 28 9°67 779°8 
30°8 28 10°80 782°3 
80°9 28 11°98 784-8 


31°0 29 1°05 787 °4 





3]5005) Aq pezii6iq 


FORM FOR REGISTERING DAILY METEOROLOGICAL OBSERVATIONS. 
Wet | 























Barometer BS : ; ae 
: Self-registering Rain | Remarks, including the direction 
Year : Zbebmamene. pa ‘Thermometer. |Gauge.| and force of winds, nature of 
and Height. Temp. of Mercury. oe clouds (cumulus, cirrhus, &c.), 
Le SSeS a aS aS a | and all Temarenlia a nospmerin 
A.M. | P.M. | P.M. | A.M. | P.M. | P.M. phenomena. 
8 2 8 8 2 8 
Ist | 80136) 30-102 30-024] 59 | 62 | 60 
2nd | 
3rd | | 
ABSTRACT OF METEOROLOGICAL REGISTER FOR THE MONTH ENDING beer 
Height above level of the sea. 
Wet | auch IT soz, | 
. Self-registering) Rain 
| Period. Barometer. Thermometer. gira Tharntoia hor (Gan ge. | 
Sa! State. awe pe te Of General Remarks. | 
| > | | ‘ 
Bonnial “Site ae | eM. | ae am a a ee tee || Mins Hoahew | 
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Highest |30°241, | 
Lowest (30°124 
Highest (380°262, 
Lowest | 29°994| 


oe 2 
SNS fT 


spheric phenomena and prevailing 
winds during the different periods, 
B kas highest, 30°245— 9th. 
——| 3 Baromerer | lowest, 29°521—165th. 
| (State of winds, moon’s age, &c. 


| 
| 
Summary of all most remarkable atmo- 


| 








These tabular forms can of course be varied to suit different localities, where different instruments are used, or where other periods of observation 
may be preferred. Those given above are recommended by Sir J. Herschel where only three daily readings are recorded. 

The barometer should be fixed in a good light, but one not exposed to the rays of the sun, drafts of wind, or very sudden changes of temperature, 
Its actual reading should always be recorded, leaving all corrections, for index errors, temperature of the mercury (for which a column is provided), 
capacity, &c., to be subsequently applied. The thermometer should be hung for observation out of doors, in a perfectly-shaded situation, but 
otherwise fully ex osed, care being taken that it is not so placed as to be affected by reflected rays from water, buildings, or light-coloured hard 
soil, or by radi ted heat from its proximity to the ground, The self-registering thermometer should be fastened so as to admit of one end being 
detached and lifted up, to allow the indexes to slide down to the extremities of the fluid columns, which is better than using a magnet for the 


purpose, These instruments are unfortunately very liable to get out of order, 
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DESCRIPTION OF THE PEDIOMETER AND 
COMPUTING SCALE. 


——_e—— 


THESE instruments are used for determining the areas of Plans 
without calculation—whereby a saving is effected of more than 
half the time consumed in computation, and the liability to error 
ig very materially diminished. 


THE PEDIOMETER. 





The instrument consists of a square, and a graduated scale, 
corresponding with that of the survey. . 

a—The milled head, by turning which, motion is given to the 
brass slider B, and the two pointers Rand W. 

I—The index to be placed in coincidence with the — division 
upon the scale. 
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When the brass slider B is in contact with A, I coinciding with 
— division, and R and W pointing to O upon their respective 
scales, the instrument is in adjustment. 

When deranged, restore it, by opening R and W to the proper 
distance, and then moving A and I, the former into contact with 
B, and the latter into coincidence with — 

Required the content of the trapezium EC FD. 

Ist.—Place the edge A upon the point E, and open B to the 
point F. 

2nd.—Press the square firmly down with the right hand, and 
with the left place the scale against the edge of it, as shown in the 
figure. — | 

3rd.—Now press the scale firmly, and slide the square up, until 
the edge A B is upon the point C. 

4th.— Press the square firmly, and slide the scale against its edge 
until — coincides with I. 

Finally.—Press the scale and slide the square down until the 
edge AB is upon the point D, and taking out the numbers to 
which W and R point, subtract the latter from the former, and 
the contents in acres and decimal parts of an acre will at once be 
given. 

The red pointer directs to the numbers that are to be taken 
rom the red scale, and the white one to those upon the white 
scale. 

When the pointers fall exactly upon the line engraved on the 
ivory edge of the scale, the folding leaf is to be doubled down to 
the left hand; but when the pointers fall between any two of the 
lines on the ivory edge, the folding leaf must then be doubled over 
to the right hand before the numbers are read off. 

For instance, when the leaf is turned to the left and the red 
pointer falls between the two lines which refer to ‘008 and ‘013, 
turn the folding leaf to the right hand, and the pointer will 
read 0:10. 

It will be found most convenient and most accurate in practice 
to take the shortest diagonal for the line E F. 
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THE COMPUTING SCALE. 


_ This instrument answers the same purpose of giving mechani- 
cally the contents of enclosures as the Pediometer, but is more 
simple in its construction and principle of operation. 

It consists of a scale divided for its whole length from the zero 
point into divisions, each representing 2} chains, and is used with 
a sheet of transparent tracing paper, ruled with parallel lines at 
equidistant intervals of one chain. 
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The slider B, which moves along the scale, has a wire drawn 
across its centre at right angles to its line of motion; and on each 
side of this wire a distance equal to one of the primary divisions 
of 2} chains is laid off, and divided into 40 parts. It is evident, 
then, that during the passage of the slider over one of the divi- 
sions of 2} chains, one rood has been measured between two of the 
parallel lines on the tracing paper; and that one of the smaller 
divisions would measure between the same parallels one perch. 
Four of the larger divisions give one acre; and the scale itself, 
generally made long enough to measure at once five acres, is thus 
used. Lay the transparent paper over the enclosure the content 
of which is required, in such a position that two of the ruled lines 
shall touch two of the exterior points of the boundaries, as at 
a and 6. 

Lay the scale, with the slider set to zero, over the tracing 
paper, in a direction parallel to the lines, and so placed that the 
portions ¢ and d are estimated by the eye as equal to each other. 
Holding the scale steady, move on the sliding frame until the 
equality of the portions e and f are also estimated. With the 
slider kept at this mark, move the scale bodily down the space of 
one of the ruled lines (one chain), and commencing again at 
the left hand, estimate the equal areas of g and h, sliding the 
frame on to k and 1. When the whole length of the scale, denoting 
5 acres, is run out, commence at the right-hand side, and work 
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backwards to the left, reading the lower divisions, by which 
the instrument is made to measure up to 10 acres. By a 
continuation of this process, the contents of any sized enclosures” 
can be obtained without calculation, and with sufficient accuracy 





for general purposes if the scale is tolerably large. It would, 
however, expedite the measurement if the tracing paper was 
divided into squares of one chain each; the application of the com- 
puting scale need then only be made to the portions outside the 
squares, and the content added to that of the squares them- 
selves, which is obtained by simply counting them. Where 
the wire of the slider coincides with any portion of the boundary 
between two of the parallels, no equalisation is of course necessary. 
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Sketch of the Road between Torres Vedras 
and Sobral de Montegraca. 


Scale, — inches to 1 mile.* 
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* Should not be less than 1 inch to 1 mile, excepting where a considerable distance has to be sketched, 
and the country is very open. 
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This form is nearly similar to that used by the Quartermaster-General’s department 
inthe Peninsula. Where more information is required to be tabulated, columns can be 
added ; but generally it is better to embody all other statistical details in the Report 
that accompanies the sketch of the road. On a hasty reconnaissance, the object of which 


is principally to ascertain the practicability of any route for different arms of the service, 
the five last columns can be omitted. In a sketch of this nature, the Roan is evidently 
the feature of paramount importance, and the ground contiguous to it is only of material 
consequence in those spots that present positions for disputing its passage or embarrass- 
ing its free occupation. In calculating the number of men a village or hamlet would 
contain for one neght, five men may be allowed per house ; for a longer period a con- 
siderable reduction must be made. In the country the best guides for whom to 
obtain information are obviously those who, from their pursuits, must be possessed of 
much local knowledge, such as shepherds, pedlars, poachers, &c. In towns, reference 
should be made to the local authorities for all statistical information. In addition to 
the field sketch of the road, a few outline sketches of the principal marked positions, 
with references to the spot from which they were taken, would often prove of great 
service. These positions would, if of importance, require a separate sketch and report. 

When the routes for different columns to arrive at any fixed spot at any required 
time have been decided upon, separate sketches of the ground will be requisite for 
their guidance. The annexed form for the “ Detail of March” is taken from Captain 
Macaulay’s “ Treatise on Field Fortifications.” 








COLUMN OR DIVISION, | GENERAL INSTRUCTIONS. 





Sketch of ground, State the hour of 
showing, by a dotted | marching, the forma- 
line, the route. tion ; and describe the 

=> route by reference to 
letters on the sketch. 
Give the distances 
| in infantry or cavalry 
pe the times al- 
| | owed for halts, and 
] the time at which the 
———— = column should arrive. 





fy State also the em- 
| 3 | _ ployment of the troops 

| | | on arrival, &c. 
2 
| 1 
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ABERRATION, 218 

Acceleration of fixed stars, 231, 291 

Accuracy, degree of, 6, 14, 131, 148 

Acute angles, when to be avoided, 60 

Acute angled triangles, 16 

Adjustments :—Altitude azimuth instru- 
ment, 288 ; Reflecting circle, 215; Re- 
peating circle, 215; Sextant, 212; 
Theodolite, 27; Transit instrument, 
282 

Air, refraction of, 75 

Alpine hypsometer, 12! © 

Altitude and azimuth instrument, 22, 288 

Altitudes by barometer, 114 

Anervid barometer, 119 

Angular measurementa, 2, 35 

Angles of elevation and depression, 43 

Aries, first point of, 224, 230 

Arcs of the meridian, 156, 188, 190 
» of excess, «20 

Arrows, 41 

Arrowsmith’s projection, 209 

Artificial horizon, 211, 216 

Ascension, right, 222 

Assumed base, 21 

Astronomy, 211 

Astronomical triangle, 225 

Attractive forces, 186 

Augmentation (of moon, sun, &c.), 235,298 

Azimuth, calculation of, 37, 199, 217 


BALLOON reconnaissance, 162 
Barometer, mercurial, 109, 309; aneroid, 
119 

Base, 5; assumed, 21; of verification, 5 
Basis of a survey, 1 
Beam compaas, 129 
Bench mark, 92, 173 
Boning rods, 89 
Booking observations, 45, 47 

r measurements in field book, 47 
Borda’s repeating circle, 21, 215 
Boundaries of sections, 173 
Box sextant, 60 


CELESTIAL latitude and longitude, 217 
Centre, reduction to, 25 

Chain, steel, 6 ; its use, 39 

Chaining, 42, 307 

Check levels, 82 

Chronometers, 184, 260, 262 

Circles, great, 208, 218 

Circular protractor, 50 


Circum-meridian altitudes, 242 
Circum-polar stars, for latitude, 238 
Clinometers, 42, 155 
Clock, astronomical, 215, 261 
Collimation, 26 
Colby’s compensation bars, 6 
Colonial surveying, 166 
Coloring, 143 
Compass, prismatic, 61 

” variation of, 203 ; beam, 129 
Compensation bars, 6 
Computing scales, 51, 313 
Content register, 46, 54 

» Of fields, 51 
Contouring and levelling, 74 
Contours, 102 
Conventional signa, 72, 165 
Convergence of meridians, 208 
Copying, 128 
Cross sections, 82 
Cross staff, 41 
Cubical content of prism, 101 
Curvature, 74, 306 
Cutting-up lines, 46, 130 


DATUM level for altitudes on 0.8, 78 

Day, mean, solar, and astronomical, 224 
Dead reckoning, 184 

Declination, 222 

Degree, length of, 77 

Detinition of terms, 217 

Deflection of the plummet, 186 

Details of filling in a triangle, 42, 47, 59 
Diagrain of triangulation, 46 

Diameter of earth, 192 

Diaphragm, 27 

Dip of horizon, 233, 302 

Division of time, 223 

Drawing paper, 128 


EARTH, form of, 1&6 

Eclipses, 265, 266, 274 

Elliott’s pocket reflecting level, 88 

Electric telegraph, 265 

Engraving, 128, 134 

krrora, index, 213, 220; personal, 213 
» instrumental, 214 

Equation of time, 224 ; equal altitudes, 304 

Equatorial diameter, 186; radius, 188 

K-verest’s theodolite, 31 

Exceas, spherical, 23 ; arc of, 220 

Examining ground, 48 

Expansion and contraction of paper, 129 

kxploring expedition, 182 
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FEATURES, geological, 155 
Field book, 46; levelling book, 43 
Final examination, 49 


INDEX. 


Measurement, units of, 6 
of arc of meridian, 192 
Measuring tape, 41 


Fixation of a point from observations at ,; Mercator's projection, 202 


itself, 36 
Form of the earth, 186 
French water level, 85 
Frontages, 171 


GEODESICAL operations, 186 
Geological features, 154 
Gibraltar, model of, 141 
Gradients, 100 

Gravatt's level, 85 

Gunter’s chain, 39 


HELIOSTATS, 17, 201 

High-water mark, 78 

Hill sketching, 134 

Horizon, 219 

Horizontal system, hill sketching, 150, 
Hounslow heath base, 6 

H ypothenuses, 8 

Hypsometera, 122 


INACCESSIBLE objecta, 70 
Inclinometer, 155 

Index error, 233 
Instruments, observing, 21 
Interpolating a point, 36 


JAMES, Sir H., on steel chains, 7 
5 1 » figure of the earth, 192 

LAND surveying, 42 

Latitude, 34, 37, 183, 238 

Lehman, Major, scale of shade, 136, 150 

Lens, 17 


Length of a second of latitude and lungi- 


tude, 305 


Levelling, by angles of elevation and de- 


pression, 43 
Levelling and contouring, 74 
Levelling staff, 90 
3 register, 97 
details of, 93 
Levels, 80 to 89 
Light, ‘velocity of, 265 
Lime light, 18 
Linear measurement, 2, 6 
Links, 40 
Longitude, 34, 184, 258 
Lost stations, 31 
Lough Foyle base. 6 
Low-water mark, 78 
Lunar observations, 266 


MAGNETIC attraction, 62, 203 
Mark, bench, 92 
Mason's level, 89 
Mean sea or tide level, 78 
» time, 231 
Measurements, angular, 2 
i linear, 2 
» capacity, 189 


Meridian, arcs of, 192 
Meteorological register, 174, 185, 310 
Micrometer prism, 60 
telescope, 156 
Military reconuaissance, 3, 143 
Minor triangles, 38 
Modelling, 141 
Moon-culminating stars, 275 
Mountain barometer, 109 
Mounting paper, 129 
Mural or transit circle, 211 


NADIR, 222 
Network of triangles, 4 
New style, 223 


OBJECTS of triangulation, 2 
Oblique plane, angles observed in, 22 
Observing, 22, 35, 227, 256 
Obstacles, method of passing, 65 
Occultation of fixed stars, 277 
Offsets, 41, 48 

Optical square, 41 

Orthographic projection, 207 
Outline of survey, 2 

Outline sketching, 156 


PAPER, drawing, 128 
Parallax, 26, 83, 233, 299 
Pediometer, 51, 311 
Pendulum, 189 
Penning in, 128 
Pentagraph, 133 
Photography, 133 
Photozincography, 135 
Plans, topographical, 128 
Plotter, 47; plotting, 128 
Plane table, 64 
Plaster of Paris, 43 
Poles, station, 141 
Polar semi-diameter, 192 
Pole star, 247 
Position, by latitude and longitude, 228 

» by latitude and azimuth, 37 
Protractor, card board, 50, 149 
Protracting bearings, 63 

» triangulation, 132 

Prismatic compass, 61 
Prism, micrometer, 60, 101 
Progress of surveyor, 48, 178 
Projections of the sphere, 202, 206 


RADIUS of curvature, 197 

Railway survey 98 

Rain gauge, 185 

Ramaden’s steel chain, 6 

Rate of chronometers, 258 
Reconnaissance, military, 3, 144 
Reconnoitring works, 159 
Reduction to the level of the sea, 11 
centre, 25 
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Reduction to the horizon, 22 Staff, levelling, 90 
» meridian, 242, 303 Station, distant, rendered visible, 16 
Reducing plans, 132 9% recovery of lost, 31 
Reflectors, 17 Stereographic projection, 207 
Reflecting level, 42, 87 Survey, topographical, 3 
» instruments, 60, 211 Surveying, 42, 48, 178 
i circle, 211, 215 
Refraction, 75, 233, 294 TAPE, 41 
Register for levelling, 97 Telegraph, 259, 265 
Repeating circle, 21, 211, 215 Telemeter, 156 
Report on roads, 317 Terms, definition of, 217 
Right ascension, 222 Tertiary triangles, 38 
Roads, 172, 317 Theodolite, 22, 26, 31, 211 
; ne Thermometers, 8, 123 
SCALES, engine-divided, 59, 98 Thermometric hypsometers, 122 
» boxwood, 130 Tides, 78 
» used on Ordnance Survey, 20, 132 | Time, 189, 223, 291, 293, 306 
Scale of shade, 135, 149 » standard of, 228, 254 
Scoring triangles, 131 Topographical survey, 3 
Scott's scale of shade, 158 Transit instrument, 211, 282 
Secondary triangles, 19 Traversing, 49, 59 
Sections, levelling, 80, 98 Triangles, 16, 38 
cross and trial, 82 Triangulation, 16 
Selection of site for base line, 12 Trial sections, 82 
3 stations, 16 Triotinto, 135 
Sextant, 60, 149, 212 Trinity datum, 78 
Shading, 128 
Sheet lines and plotting, 129 UNITS of measurement, 6 
Sloping ground, chaining over, 42 
Signals, 259 _ VARIATION of compass, 208, 280 
Signs, conventional, 72, 165. Verification of base, 5, 7 
Sidereal clock, 211 Vernier, 80 
» time, 230 Vertical system, hill sketching, 150 
Site for base line, 12 ete 
Sketching, 59, 65, 135, 144 WATER level, 85 
Specific gravity, 187, 190 Weights and measures, 189 
Spherical excess, 23 ; 
Spheroidal form of earth, 186 Y level, 83 
Spring tides, 78 
Steel chain, 7 ZENITH, 218, 222 
Standard chain, 7 Zenith sector, 211 


» Measure, 14, 189, 228 


THE END. 


BRADBURY, AGNEW, & CO., PRINTERS, WHITEFRIARS. 
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A TREATISE ON FIELD FORTIFICATIONS, the 


ATTACK of FORTRESSES, MILITARY MINING, and RECONNOITRING. 
By Colonel I. S. Macau.ay, late Professor of Fortification in the Royal Military 
Academy, Woolwich. Sixth Edition, crown 8vo, cloth, with separate Atlas of 
12 Plates, sewed, price 12s. complete. 


THE MINERAL SURVEYOR AND VALUER’S COM- 


PLETE GUIDE, comprising a Treatise on Improved Mining Surveying, with 
new Traverse Tables ; to which is, appease the Second Edition, carefully 
revised, of M. THOMAN'’S (of the Crédit Mobilier, Paris) TREATISE on 
COMPOUND INTEREST and ANNUITIES, with LOGARITHMIC TABLES. 
By WILutaM LinTERN, Mining and Civil Engineer. 12mo, strongly bound in 
cloth boards, with four Plates of Diagrams, Plans, &c., price 10s. 6d. 
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sional duties ; and whilst Hutton’s are carried only to degrees and quarter points, and to radii 
from 1 to 10, those of Mr. Lintern are continued to every three minutes of the quadrant and tw lu 
alfferent radii of hundreds, commencing with 100 and ending at 1000. The utmost necessary 
accuracy can thus be ensured, and the results of the survey laid down much more speedily and 


correctly than by the usual system of plotting... . . To engineers, in particular, the work will 
prove invaluable.”— Mining Journal. 


PRACTICAL GEOMETRY FOR THE ARCHITECT, 
ENGINEER, AND MECHANIC; giving Rules for the Delineation and 
Application of various Geometrical Lines, Figures, and Curves. By E. W. 
Takn, M.A., Architect, Author of ‘‘ The Science of Building,” &. With 164 
Illustrations. Demy 8vo, 12s. 6d., cloth. | 

‘*No book with the samo objects in view has ever been published in which the clearness of the 
rules laid down and the illustrative diagrams have been so satisfactory. ”—Scotsman. 

‘* This excellent work gives very clear and intelligible rules for the delineation and application 
of various geometrical lines, , and curves, and is admirably fllustrated.”—Standard. 

“* No volume has heretofore nm published that, can bear comparison with Mr. Tarn’s for clear- 


ness, practical demonstration aud arrangement, with a view uf being eminently serviceable to 
architect, engineer, surveyor, and artizan.”—Jrish Builder. ; 


PRACTICAL PLANE GEOMETRY : Giving the Simplest 


Modes of Constructing Figures contained in one Plane. By J. F. HEATHER, 
M.A. With numerous Illustrations, 12mo, cloth limp, price 2s. 


MATHEMATICAL INSTRUMENTS: their Construction, 


Adjustment, Testing, and Use ; comprising Drawing, Measuring, Optical, Sur- 
veying, and Astronomical Instruments. By J. F. HeatrHeEr, M.A., Author of 
‘* Descriptive Geometry,” &c. Enlarged Edition, for the most part re-written. 
With numerous Woodcuts. 12mo, 5s., cloth boards. 


“* We can highly recommend this volume. The illustrations are good, the letterpress explana- 
tion being, as a rule, accurate, concise, and readable.”—Quarterly Journal os Education. 


THE WORKMAN’S MANUAL OF ENGINEERING 
DRAWING. By JoHN Maxton, Instructor in Engineering Drawing, South 
Kensington. With nearly 350 Woodcuts and 7 Plates. 12mo, cl. boards, 4s, 6d. 


** A copy of it should be kept for reference in every drawing office.” — Bnginecring. 
** An indispensable bouk for teachers of engineering drawiug."’"— Mechanics’ Magazine. 


A TREATISE ON THE APPLICATION OF IRON TO 
THE CONSTRUCTION OF BRIDGES, GIRDERS, ROOFS, AND OTHER 
WORKS ; showing the principles upon which such structures are designed, and 
their practical application. By Francis Campin, C.E. Especially arranged 
Sor the use of Students and Practical Mechanics, ali Mathematical Formule and 
Symbols being excluded. 12mo, with numerous Diagrams, cloth boards. 33s. 


A CLASS-BOOK OF GEOLOGY, Physical and Historical. 
With more than 250 Woodcuts. By Ratpu Tate, F.G.S. 12mo, cloth, price 5s. 


‘‘The facts and statements are carefully selected, and recent obsorvations of importance are 
duly noticed.” —<Scientific Keview. 


Loxpon : LOCKWOOD & Co., 7, STaTIoNERS’ Hattr-court, E.C, 
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DR. LARDNERS HANDBOOKS. 


In one vol. small 8vo, cloth, 550 pages, price 7s. 6d. 


THE HANDBOOK OF ASTRONOMY. By Dionysius 
Larpnesg, D.C.L., Formerly Professor of Natural Philosophy and Astronomy 
in University College, London. Third Edition. Revised and Edited by Epwin 
Dunkin, F.R.A.S., Superintendent of the Altazimuth Department, Royal 
Observatory, Greenwich. With 37 Plates, and upwards of 100 Woodcuts. 


‘“©Wecan cordially recommend it as most useful to all those who desire to possess a complete 
manual of the science and practice of astronomy.”—Astronomical Reporter. 


Small 8vo, cloth, 448 pages, price 5s. 


THE HANDBOOK OF OPTICS. New Edition. Edited 
by T. OLveR Harpine, B.A., Lond., of University College, London. With 298 
Illustrations. 





Small 8vo, cloth, 462 pages, price 5s. 


THE HANDBOOK OF ELECTRICITY, MAGNETISM, 


AND ACOUSTICS. New Edition. Edited by Gro. Carry Fosrsr, B.A., 
F.C.8., Fellow of, and Professor of Physics in, University College, London. 
With 400 Illustrations. 

‘‘'The book could not have been entrusted to anyone better calculated to preserve the terse anid 
lucid style of Lardner, while correcting his crrors and bringing up his wurk to the present state 
of Scientific Knowledge.” —Popular Science Review. 

Small 8vo, price 5s., cloth. 


THE HANDBOOK OF HYDROSTATICS AND PNEU- 


MATICS. New Edition. Revised and Enlarged by BENJAMIN LoEWY, F.R.A.S. 
With numerous IJlustrations. 
Small 8vo, price 5s., cloth. 


THE HANDBOOK OF HEAT. New Edition, entirely 
re-written and enlarged by BENJAMIN Loewy, F.R.A.S. With numerous 


Illustrations. 
Small 8vo, cloth, 420 pages, price 5s, 


THE HANDBOOK OF MECHANICS. With 357 Illus- 


trations. 


IRON AND HEAT, Exhibiting the Principles concerned 


in the Construction of Iron Beams, Pillars, and Bridge Girders, and the Action 
of Heat in the Smelting Furnace, By James AgMouR, C.E. Woodcuts, 12mo, 
cloth boards, 3s. 6d. 
“A very useful and thoroughly practical little volume, in every way deserving of circulation 
amongst working men.’’—Mining Journal. 


POWER IN MOTION: Horse Power, Motion, Toothed 


Wheel Gearing, Long and Short Driving Bands, Angular Forces, &c. By 
James ABMovuR, C.E. With 73 Diagrams. 12mo, cloth boards, 3s. 6d. 
‘¢ Numerous illustrations enable the author to convey his meaning as ie par pies as it is perhaps 
ossible to be conveyed. The value of the theoretic and practical knowledge imparted cannot 
ell be over estimated.”—Newcastle Weekly Chronicle. 


A TREATISE ON THE METALLURGY OF IRON: 


containing Outlines of the History of Iron Manufacture, Methods of Assay, and 
Analyses of Iron Ores, Processes of Manufacture of Iron and Steel, &c. By H. 
BAvVERMAN, F.G.S., Associate of the Royal School of Mines. With numerous 
Illustrations. Third Edition, revised and much enlarged. 12mo, cl. bds., 5s. 6d. 


‘¢ Carofully written, it has the merit of brevity and conciseness, as to less important points, 
while all material matters are very fully and thoroughly entered into.”— Standard. 


COAL AND COAL MINING: A Rudimentary Treatise 


on. By Warincton W. Smytu, M.A., F.RS., &., Chief Inspector of the 
Mines of the Crown and of the Duchy of Cornwall. New editiun, revised and 
corrected. With numerous Illustrations. 12mo, cloth boards, 4s. 6d. 
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MECHANICAL ENGINEERING, ETC. 


THE MECHANICAL ENGINEER’S POCKET-BOOK. 


Comprising Tables, Formulz, Rules, and Data: A Handy Book of Reference for 
Daily Use in Engineering Practice. By D. KINNEAR CLrark, M. Inst. C.E. 
Fifth Edition, thoroughly Revised and Enlarged. By H. H. P. Pow res, 
A.M.I.C.E., M.I.M.E. Small 8vo, 7oo pages, bound in flexible leather cover, 
rounded corners 3 : : . [Just Published. Net 6]/- 


SUMMARY OF CONTENTS. 

MATHEMATICAL TABLES.—MEASUREMENT OF SURFACES AND SOLIDS.—ENGLISH WEIGHTS AND 
MBASURES.—FRENCH METRIC WEIGHTS AND MEASURES.—FOREIGN WEIGHTS AND MEASURES.— 
MoneEys.—SpEciFic GRAVITY, WEIGHT AND VOLUME.—MANUFACTURED METALS.—STEEL P1PEs.— 
BoLts AND Nuts.—SuNDRY ARTICLES IN WROUGHT AND CasT IRON, Copper, Brass, Leap, Tin, 
ZINC.—STRENGTH OF MATERIALS.—STRENGTH OF TIMBER.—STRENGTH OF CAST IRON.—STRENGTH 
OF WROUGHT I RON.—STRENGTH OF STEEL.—TENSILE STRENGTH OF COPPER, LEAD, ETC.— RESISTANCE 
OF STONES AND OTHER BUILDING MATERIALS.—RIVETED JOINTS IN BOILER PLATES.— BOILER SHELLS. 
—WitreE Ropes anpD Hemp Ropes.—CHAINS AND CHAIN CABLES.—FRAMING.—HARDNESS OF METALS, 
ALLOYS AND STONES.—LABOUR OF ANIMALS.—MECHANICAL PRINCIPLES.—GRAVITY AND FALL OF 
Bopigs.—ACCELERATING AND RETARDING ForcEesS.—MILL GEARING, SHAFTING, &C.—TRANSMISSION 
oF Morive Powger.—HEAT.—CoMBUSTION: FUELS.—WARMING, VENTILATION, COOKING STOVES.— 
STEAM.—STEAM ENGINES AND BoILeRS.—RAILWAYS.—T RAMWAYS.—STEAM SHIPS.— PUMPING STEAM 
ENGINES AND Pumps.—Coaz Gas, Gas ENGINES, &cC.—AIR IN MOTION.—COMPRESSED AlIR.—HorT AIR 
ENGINES.— WATER POWER.—SPEED OF CUTTING TOOLS.—COLOURS.—ELECTRICAL ENGINEERING. 

‘“‘ Mr. Clark manifests what is an innate perception of what is likely to be useful in a pocket-book, 
and he is really unrivalled in the art of condensation. It is very difficult to hit upon any mechanical 
ee subject concerning which this work supplies no information, and the excellent index at the 
end adds to its utility. In one word, it is an exceedingly handy and efficient tool, possessed of which 
the engineer will be saved many a wearisome calculation, or yet more wearisome hunt through various 
text-books and treatises, and, as such, we can heartily recommend it to our readers."—The Engineer, 

“It would be found difficult to compress more matter within a similar compass or produce a book 
of 7oo pages which should be more compact or convenient for pocket reference. . . . Will be 
appreciated by mechanical engineers of all classes."— Practical Engineer. 


2 ° CROSBY LOCKWOOD & SONS CATALOGUE. 


MR. HUTTON’S PRACTICAL HANDBOOKS. 


THE WORKS’ MANAGER’S HANDBOOK. 


Comprising Modern Rules, Tables, and Data. For Engineers, Millwrights, and 
Boiler Makers; Tool Makers, Machinists, and Metal Workers; Iron and Brass 
Founders, &c. By W.S. Hutton, Civil and Mechanical Engineer, Author of 
‘©The Practical Engineer's Handbook.” Sixth Edition, carefully Revised and 
enlarged. In One handsome Volume, medium 8vo, strongly bound . 15/- 


qy~ The Author having compiled Rules and Data for his own use in a great variety 
of modern engineering work, and having found his notes extremely useful, decided to publish 
them—revised to date—believing that a practical work, suited lo the DAILY REQUIREMENTS OF 
MODERN ENGINEERS, would be favourably received. 


“ Of this edition we may repeat the appreciative remarks we made upon the first and third. Since 
the appearance of the latter very considerable modifications have been made, although the total number 
of pages remains almost the same. It is a very useful collection of rules, tables, and workshop and 
drawing office data."—The Engineer, May 10, 1895. 

. ‘The author treats every subject from the point of view of one who has collected workshop notes 
for application in workshop practice, rather than from the theoretical or literary aspect. The volume 
contains a great deal of that kind of information which is gained only by practical experience, and is 
seldom written in books."—The Engineer, pane 5, 1885. 

‘The volume is an exceedingly useful one, brimful with engineer's notes, memoranda, and rules, 
and well worthy of being on every mechanical engineer's bookshelf."—Mechanical World. 

“The information is precisely that ed to be required in practice. . . . The work forms a 
desirable addition to the library not only of the works manager, but of any one connected with general 
engineering."—Mining Journal. 

“ Brimful of useful information, stated in a concise form, Mr. Hutton's books have met a pressing 
want among engineers. The book must prove extremely useful to every practical man possessing a 
copy."—Practical Engineer. 


THE PRACTICAL ENGINEER’S. HANDBOOK. 


Comprising a Treatise on Modern Engines and Boilers, Marine, Locomotive, and 
Stationary. And containing a large collection of Rules and Practical Data 
relating to recent Practice in Designing and Constructing all kinds of Engines, 
Boilers, and other Engineering work. The whole constituting a comprehensive 
Key to the Board of Trade and other Examinations for Certificates of Competency 
in Modern Mechanical Engineering. By WaLtTerR S. Hutton, Civil and 
Mechanical Engineer, Author of ‘‘The Works Manager's Handbook for 
Engineers,” &c. With upwards of 420 Illustrations. Sixth Edition, Revised 
and Enlarged. Medium 8vo, nearly 560 pp., strongly bound. [Just Published. 18/= 


ga This work ts designed as a companion to the Author's ‘‘ Works MANAGER'S 
HANDBOOK.'' It possesses many new and original features, and contains, like its predecessor, 
a quantity of matter not originally intended for publication, but collected by the Authcr for his 
otun use in the construction of a great variety of MODERN ENGINEERING WORK. 

The information is given in a condensed and concise form, and ts illustrated by upwards of 
420 Engravings ; and comprises a quantity of tabulated matter of great value to all engaged in 
designing, constructing, ov estimating for ENGINES, BOILERS, and OTHER ENGINEERING 
Work. 


“We have kept it at hand for several weeks, referring to it as occasion arose, and we have not on. 
: pe occasion consulted its pages without finding the information of which we were in quest.”— 

thenaum. 

‘A thoroughly good practical handbook, which no engineer can go through without learning some- 
thing that will be of service to him."— Marine Engineer. 

g “An excellent book of reference for engineers, and a valuable text-book for students of engineering.” 
—ocotsinan, 

* This valuable manual embodies the results and experience of the leading authorities on mechanical 
engineering.”’—Butlding News. 

* The author has collected together a surprising quantity of rules and practical data, and has shown 
much judgment in the selections he has made. . . . There is no doubt that this book is one of the 
most useful of its kind published, and will be a very populet compendium.”—Engineer. 

‘‘A mass of information, set down in simple language, and in such a form that it can be easily 
referred to at any time. The matter Is uniformly good and well chosen, and is greatly elucidated by 
the illustrations. The book will find its way on to most engineers’ shelves, where it will rank as one of 
the most useful books of reference."—Practtcal Engineer. 

“Full cf useful information, and should be found on the office shelf of all practical engineers." —. 
English Mechanic. 
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MR. HUTTON’S PRACTICAL HANDBOOKS—continued. 


STEAM BOILER CONSTRUCTION. 


A Practical Handbook for Engineers, Boiler-Makers, and Steam Users. Con- 
taining a large Collection of Rules and Data relating to Recent Practice in the 
Design, Construction, and Working of all kinds of Stationary, Locomotive, and 
Marine Steam-Boilers. By Water S. Hutton, Civil and Mechanical Engineer, 
Author of ‘‘The Works Manager’s Handbook,” ‘t The Practical Engineer's 
Handbook,’ &c. With upwards of 500 Illustrations. Third Edition, thoroughly 
Revised, in part Re-written, and much Enlarged. Medium 8vo, over 600 pages, 
cloth, strongly bound . . 18/- 


ga”) THis Work 7s issued in continuation of the Series of Handbooks written by the 
Author, viz :—* THE Works ManaGEr’'s HanpDBOook"' and ‘‘ THE PRACTICAL ENGINEER'S 
Hanpsook,” which are so highly appreciated by Engineers for the practical nature of their 
tnformation ; and is consequently written in the same style as those works. 

The Author believes that the concentration, ina convenient form for easy reference, of such 
a large amount of thoroughly practical information on Steam-Boilers, will be of considerable 
service to those for whom it is intended, and he trusts the book may be deemed worthy of as 
favourable a reception as has been accorded to its predecessors. 


“One of the best, if not the best, books on boilers that has ever been published. The information 
is of the right kind, in a simple and accessible form. So far as generation is concerned, this is, 
undoubtedly, the standard book on steam practice.""—Electrical Review. 

“Every detail, both in boiler design and management, is clearly laid before the reader. The 
volume shows that boiler construction has been reduced to the condition of one of the most exact 
sciences ; and such a book is of the utmost value to the fin de siecle Engineer and Works Manager."— 
Marine Engineer. 

“ There has long been room for a modern handbook on steam boilers; there is not that room now, 
because Mr. Hutton has filled it. It is a thoroughly practical book for those who are occupied in the 
construction, design, selection, or use of boilers."—Engineer, 

‘‘The book is of so important and comprehensive a character that it must find its way Into the 
libraries of every one interested in boiler using or boiler manufacture if they wish to be thoroughly 
informed. We strongly recommend the book for the intrinsic value of its contents."—Machinery Market. 


PRACTICAL MECHANICS’ WORKSHOP COMPANION. 


Comprising a great variety of the most useful Rules and Formule in Mechanical 
Science, with numerous Tables of Practical Data and Calculated Results for Facili- 
tating Mechanical Operations. By WILLIAM TEMPLETON, Author of ‘‘ The Engi- 
neer’s Practical Assistant,’ &c.,&c. Eighteenth Edition, Revised, Modernised, and 
considerably Enlarged by WaLTER S. Hutton, C.E., Author of ‘‘The Works 
Manager’s Handbook,” ‘*‘ The Practical Engineer's Handbook,’’ &c. Fcap. 8vo, 
nearly 500 pp., with 8 Plates and upwards of 250 Illustrative Diagrams, strongly 
bound for workshop or pocket wear and tear . : : : ; ‘ 6/- 


‘‘In its modernised form Hutton’s ‘Templeton’ should have a wide sale, for it contains much 
valuable information which the mechanic will often find of use, and not a few tables and notes which 
he might look for in vain in other works. This modernised edition will be appreciated by all who have 
learned to value the original editions of ‘ Templeton.’ "—English Mechanic. 

“It has met with great success in the engineering workshop, as we can testify; and there are a 
great many men who, in a great measure, owe their rise in life to this little book."—Budding News. 

“ This famjliar text-book—well known to all mechanics and engineers—is of essential service to the 
every-day requirements of engineers, millwrights, and the various trades connected with one eeon 
tha The new modernised edition is worth its weight in gold.”—Buslding News. (Secon 

Otice.) 

“This well-known and largely-used book contains information, brought up to date, of the sort 
so useful to the foreman and dranghtsman. So much fresh information has been introduced as to 
ee it practically a new book. It will be largely used in the office and workshop.”—Mechantcal 

Vorld, 

“The publishers wisely entrusted the task of revision of this popular, valuable, and useful book to 

Mr. Hutton, than whom a more coinpetent man they could not have found."—Jron, 


ENGINEER’S AND MILLWRIGHT’S ASSISTANT. 


A collection of Useful. Tables, Rules, and Data. By WILLIAM TEMPLETON. 
Eighth Edition, with Additions. 18mo, cloth . ; , : ; . 2/6 


“Occupies a foremost place among books of this kind. A more suitable present to an apprentice 
to any of the mechanical trades could not pete be made."—Building News. 
“A deservedly popular work. Itshould bein the ‘drawer'ofevery mechanic."—English Mechanic. 
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THE MECHANICAL ENGINEER’S REFERENCE BOOK. 


For Machine and Boiler Construction. In Two Parts. Part I. GENERAL 
ENGINEERING Data. Part II. Bolter Construction. With 51 Plates and 
numerous Illustrations. By NELson Forey, M.I.N.A. Second Edition, Revised 
throughout and much Enlarged. Folio, half-bound . Net £3 3s. 
PART I. MEASURES.—CIRCUMFERENCES AND AREAS, &C., SQUARES, CUBES, FourTH PowErRS.— 
SQUARE AND CuBE Roots.—SuRFACE OF TUBES.—RECIPROCALS.—LOGARITHMS.— MENSURATION.— 
SPECIFIC GRAVITIES AND WEIGHTS.—WORK AND POWER.—HEAT.—COMBUSTION.—EXPANSION AND 
CONTRACTION.—-EXPANSION OF GASES.—STEAM.—STATIC FORCES.—GRAVITATION AND ATTRACTION. 
— MOTION AND COMPUTATION OF RESULTING FORCES.—ACCUMULATED WorK.—CENTRE AND Rap1us 
OF GYRATION.—MOMENT OF INERTIA.—CENTRE OF OSCILLATION.—ELECTRICITY.—STRENGTH OF 
MATERIALS.—ELASTICITY.—TEST SHEETS OF METALS.—FRICTION.—TRANSMISSION OF POWER.— 
FLow or Liguips.—FLow oF Gases.—AirR Pumps, SURFACE CONDENSERS, &c.—SPEED OF STEAM- 
SHIPS.— PROPELLERS.—CUTTING TOOLS.—FLANGES.—COPPER SHEETS AND TUBES.—ScCREWS, Nuts, 
Bo.t Heaps, &c.—RECIPES AND MISCELLANEOUS MATTER.—WITH DIAGRAMS For VaLve-GEAr, 
BELTING AND RoPES, DISCHARGE AND SUCTION PIPES, SCREW PROPELLERS AND COPPER PIPES. 


PART II. Treatinc or Power oF BoILers.—Usgrut Ratios.—NoTES ON CONSTRUCTION.— 
CYLINDRICAL BoILER SHELLS.—CIRCULAR FURNACES.—FLAT PLATES.—STAYS.—GIRDERS.—SCREWS. 
—Hyprautic Tests.—RIVETING.—BOILER SETTING, CHIMNEYS, AND MOUNTINGS.—FUvuELS, &c.— 
EXAMPLES OF BOILERS AND SPEEDS OF STEAMSHIPS.—NOMINAL AND NORMAL Horse Power.—WITH 
DIAGRAMS For ALL Bo!ILerR CALCULATIONS AND DRAWINGS OF MANY VARIETIES OF BOILers. 


‘“Mr. Foley is well fitted to compile such a work. The diagrams are a great feature of the work. 
It may be stated that Mr. Foley has produced a volume which will undoubtedly fulfil the desire of the 
author and become indispensable to all mechanical engineers."—Marine Engineer. 

‘We have carefully examined this work, and pronounce it a most excellent reference book for the 
use of marine engineers."—Journal of American Society of Naval Engineers. 


COAL AND SPEED TABLES. 
A Pocket-book for Engineers and Steam-users. By NELson Fovrey, Author of 
‘‘ The Mechanical Engineer's Reference Book.’ Pocket-size, cloth . 3/6 


‘These tables are designed to meet the requirements of every-day use; they are of sufficient scope 
for most practical purposes, and may be commended to engineers and users of steam.”—Jron. 


TEXT-BOOK ON THE STEAM ENGINE. 


With a Supplement on Gas Enaings, and Parr II.on Heat EnGingEs. By 
T. M. Goopeve, M.A., Barrister-at-Law, Professor of Mechanics at the Royal 
College of Science, London; Author of ‘‘ The Principles of Mechanics,”’ ‘‘ The 
Elements of Mechanism,’’ &c. Fourteenth Edition. Crown 8vo, cloth 6/- 


‘Professor Goodeve has given us a treatise on the steam engine, which will bear comparison with 
anything written by Huxley or Maxwell, and we can award it no higher praise."—Engineer. 

‘““Mr. Goodeve's text-book is a work of which every young engineer should possess himself.”— 
Mining Journal. 


ON GAS ENGINES. 
With Appendix describing a Recent Engine with Tube Igniter. By T. M. 
GoopDEVE, M.A. Crown 8vo, cloth . ; , : 2/6 


‘* Like all Mr. Goodeve's writings, the present is no exception in point of general excellence. It is 
a valuable little volume."—Mechantcal World. 


THE GAS ENGINE HANDBOOK. 


A Manual of Useful Information for the Designer and the Engineer. By 
E. W. Roserts, M.E. With 4o full-page Engravings. Small Fcap. 8vo, 
leather ; ; ; , : ; . Net 8/6 


A TREATISE ON STEAM BOILERS. 


Their Strength, Construction, and Economical Working. By R. WItson, C.E. 
Fifth Edition. 12mo, cloth ; : : : ; 6/- 


‘The best treatise that has ever been published on steam boilers."—Engineer. 


THE MECHANICAL ENGINEER’S COMPANION. 


Of Areas, Circumferences, Decimal Equivalents, in inches and feet, millimetres, 
squares, cubes, roots, &c.; Strength of Bolts, Weight of Iron, &c.; Weights, 
Measures, and other Data. Also Practical Rules for Engine Proportions. By 
R. Epwarps, M.Inst.C.E. Fcap. 8vo, cloth . ‘ : ‘ ‘ ; 3/6 


‘A very useful little volume. It contains many tables, classified data and memoranda, generally 
useful to engineers.""—Engtneer. 

“What it professes to be, ‘a handy office companion,’ giving, in a succinct form, a variety ot 
information likely to be required by mechanical engineers in their everyday office work.’—Nature. 
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A HANDBOOK ON THE STEAM ENGINE. 


With especial Reference to Small and Medium-sized Engines. For the Use of 
Engine Makers, Mechanical Draughtsmen, Engineering Students, and Users of 
Steam Power. By HERMAN HaEpeER,C.E. Translated from the German with 
Additions and Alterations, by H. H. P. Powies, A.M.I.C.E., M.I.M.E. Third 
Edition, Revised. With nearly 1,100 Illustrations. Crown 8vo, cloth Net 7/6 
‘*A perfect encyclopzedia of the steam engine and its details, and one which must take a permanent 
place in English drawing-offices and workshops."—A Fureman Pattern-maker. 
‘This is an excellent book, and should be in the hands of all who are interested in the construction 
and design of medium-sized stationary engines. . . . A careful study of its contents and the arrange- 


ment of the sections leads to the conclusion that there is probably no other book like it in this country. 


The volume aims at showing the results of practical experience, and it certainly nay claim a complete 
achievement of this idea."—Nature. 


“There can be no question as to its value. We cordially commend it to all concerned in the 
design and construction of the steam engine.’’"—Mechanical World. 


BOILER AND FACTORY CHIMNEYS. 


Their Draught-Power and Stability. With a Chapter on Lightning Conductors, 
By Rosert Wicson, A.I.C.E., Author of ‘‘A Treatise on Steam Boilers,"’ &c. 
Crown 8vo, cloth : 3/6 


‘‘A valuable contribution to the literature of scientific bullding."—The Buslder. 


BOILER-MAKER’S READY RECKONER & ASSISTANT. 


With Examples of Practical Geometry and Templating, for the Use of Platers, 

Smiths, and Riveters. By JoHN Courtney, Edited by D. K. Crarx, M.I1.C.E. 

Fourth Edition, 480 pp., with 140 Illustrations. Fcap. 8vo, half-bound . T/- 
‘*No workinan or apprentice should be without this book.”—Jron Trade Circular. 


REFRIGERATION, COLD STORAGE, & ICE-MAKING. 


A Practical Treatise on the Art and Science of Refrigeration. By A. J. WALLIS- 
TayYLer, A.M. Inst.C.E., Author of '' Refrigerating and Ice-making Machinery.” 
600 pp. With 360 Illustrations. Medium 8vo, cloth. [Just Published. Net 16/= 
“The author has to be congratulated on the completion and production of such an important 


work, and it cannot fail to have a large body of readers, fordt leaves out nothing that would in any 
way be of value to those interested in the subject."—Steamshtp. 


“No one whose duty it is to handle the mammoth preserving installations of these latter days can 
afford to be without this valuable book."—Glasgow Herald. 


THE POCKET BOOK OF REFRIGERATION AND ICE- 
MAKING FOR 1903. 


Edited by A. J. WALLIS-TayLer, A.M.Inst.C.E. Author of ‘ Refrigerating and 
Ice-making Machinery,” &c. Small crown 8vo, cloth. 


[Just Published. Net 2/6 
REFRIGERATING & ICE-MAKING MACHINERY. 


A Descriptive Treatise for the Use of Persons Employing Refrigerating and Ice- 
Making Installations, and others. By A. J. WacLis-TayLrer, A.M.Inst.C.E. 
Third Edition, Enlarged. Crown 8vo, cloth. [Just Published. 7/6 
“ Practical, explicit and profusely illustrated."—Glasgow Herald. 
“We recommend the book, which gives the cost of various systems and illustrations showing 
details of parts of machinery and general arrangements of complete installations.” —Butlder. 
‘“May be recommended as a useful description of the machinery, the processes, and of the 


facts, figures, and tabulated physics of refrigerating. It is one of the best compilations on the 
subject."—Engineer. 


TEA MACHINERY AND TEA FACTORIES. 


A Descriptive Treatise on the Mechanical Appliances required in the Cultivation 

of the Tea Plant and the Preparation of Tea for the Market. By A. J. WALLIs- 
TayLer, A.M.Inst.C.E. Medium 8vo, 468 pp. With 218 Illustrations. 

Net 26 /- 

‘When tea planting was first introduced into the British possessions, little, if any, machinery was 

employed, but now its use is almost universal. This volume contains a very full account of the 


machinery necessary for the proper outfit of a factory, and also a description of the processes best 
carried out by this machinery.”—Journal Society of Arts. 
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ENGINEERING ESTIMATES, COSTS, & ACCOUNTS. 


A Guide to Commercial Engineering. With numerous Examples of Estimates 
and Costs of Millwright Work, Miscellaneous Productions, Steam Engines and 
Steam Boilers; and a Section on the Preparation of Costs Accounts. By A 


GENERAL MANAGER. Second Edition. 8vo, cloth ‘ ‘ : . 12/- 
“This is an excellent and very useful book, ore subject-matter in constant requisition in 
every factory and workshop. . . . The book is invaluable, not only to the young engineer, but also 


to the estimate department of every works."—Bualder. 

‘‘We accord the work unqualified praise. The information is given in a plain, straightforward 
manner, and bears throughout evidence of the intimate practical acquaintance of the author with 
every phase of commercial engineering.’ —Mechantcal World. 


AERIAL OR WIRE-ROPE TRAMWAYS. 


Their Construction and Management. By A. J. WaLLis-TayLer, A.M.Inst.C.E. 
With 81 Illustrations. Crown 8vo, cloth ; : ‘ ; . ‘ 7/6 


“This is in its way an excellent volume. Without going into the minutizw of the subject. it yet 
lays before its readers a very good exposition of the various systems of rope transmission in use, an 
gives as well not a little valuable information about their working, repair and management. We can 
safely recommend it as a useful general treatise on the subject."—The Engineer. 


MOTOR CARS OR POWER CARRIAGES FoR COMMON 


By A. J. Wactis-TayLer, A.M.Inst.C.E. Author of ‘* Modern Cycles,” &c. 
212 pp., with 76 Illustrations. Crown 8vo, cloth : é : 46 
“The book is clearly expressed throughout, and is just the sort of work that an engineer, 


thinking of turning his attention to motor-carriage work, would do well to read as a preliminary to 
starting operatians.”"—Engineering. 


PLATING AND BOILER MAKING. 


A Practical Handbook for Workshop Operations. By JosepH G. Horner, 
A.M.I.M.E. 380 pp., with 338 Illustrations. Crown 8vo, cloth -. 7/6 


“This work is characterised by that evidence of close acquaintance with workshop methods which 
will render the book exceedingly acceptable to the practical hand. We have no hesitation in com- 
mending the work asa serviceable and practical handbook on a subject which has not hitherto received 
much attention from those qualified to deal with it ina satisfactory manner.”"—Mechanical World. 


PATTERN MAKING. 


A Practical Treatise, embracing the Main Types of Engineering Construction, 
and including Gearing, Engine Work, Sheaves and Pulleys, Pipes and Columns, 
Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in Loam 
and Greensand, Estimating the Weight of Castings, &c. By JosepHG. HORNER, 
A.M.ILM.E. Third Edition, Enlarged. With 486 Ilustrations. Crown 8vo, 


cloth. [Just Published. Net 7/6 
“A well-written technical guide, evidently written by a man who understands and has practised 
what he has written about. . . . We cordially recommend it to engineering students, young 


journeymen, and others desirous of being initiated into the mysteries of pattern-making,”—Busalder. 
“An excellent vade mecum for the apprentice who desires to become master of his trade."— English 
Mechanic. 


MECHANICAL ENGINEERING TERMS 


(Lockwood's Dictionary of). Embracing those current in the Drawing Office, 
Pattern Shop, Foundry, Fitting, Turning, Smiths’, and Boiler Shops, &c., &c. 
Comprising upwards of 6,000 Definitions. Edited by J. G. Horner, A.M.I.M.E. 
Third Edition, Revised, with Additions. Crown 8vo, cloth . Net 7/6 


“ past the sort of handy dictionary required by the various trades engaged in mechanical engineer- 
ing. The practical enginecring pupil will find the book of great value in his studies, and every foreman 
engineer and mechanic should have a copy."—Buslding New's. 


TOOTHED GEARING. 


A Practical Handbook for Offices and Workshops. By J. Horner, A.M.I.M.E. 
With 184 Illustrations. Crown 8vo, cloth ‘ : 6/- 


‘We give the book our unqualified praise for its thoroughness of treatment and recommend it to 
all interested as the most practical book on the subject yet written."—Mechasical World. 


FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. 


With a History of Fire-Engines, their Construction, Use, and Management ; 
Foreign Fire Systems; Hints on Fire-Brigades, &c. By C. F. T. Youne, C.E. 
8vo, cloth . ; ; 24/\- 


‘To such of our readers as are interested in the subject of fires and fire apparatus, we can most 
heartily commend this book.”"—Engineering. 
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AERIAL NAVIGATION. 


A Practical Handbook on the Construction of Dirigible Balloons, Aérostats, 
Aéroplanes, and Aéromotors. By FREDERICK WALKER, C.E., Associate Member 
of the Aéronautic Institute, With roq Illustrations. Large Crown 8vo, cloth. 


[ Just Published. Net 7/6 
STONE-WORKING MACHINERY. 


A Manual dealing with the Rapid and Economical Conversion of Stone. With 
Hints on the Arrangement and Management of Stone Works. By M. Powis 
Bae, M.I.M.E. Second Edition, Enlarged. Crown 8vo, cloth. . 9/- 
‘“The book should be in the hands of every mason or student of stonework."—Colliery Guardian. 


“A a handbook for all who manipulate stone for building or ornamental purposes.”— 
Machinery Market. 


PUMPS AND PUMPING. 


A Handbook for Pump Users. Being Notes on Selection, Construction, and 
Management. By M. Powis Bare, M.I.M.E. Fourth Edition. Crown 
8vo, cloth . i é : ‘ ; ; ; ‘ : : ; : 3/6 
‘The matter is set forth as concisely as possible. In fact, condensation rather than diffuseness 
has been the author’s aim throughont; yet he does not seem to. have omitted anything likely to be of 
use.”"—Journal of Gas Lighting. ‘“Thoroughly practical and clearly written."—Glasgow Herald. 


MILLING MACHINES AND PROCESSES. 


A Practical Treatise on Shaping Metals by Rotary Cutters. Including Informa- 
tion on ‘Making and Grinding the Cutters. By Paut N. Hascvuck, Author of 
‘‘ Lathe Work.'' With upwards of 300 Engravings. Large Crown 8vo, cloth 12/6 
‘‘A new departure in engineering literature. . . . Wecan recommend this work to all interested 
in milling machines; it is what it professes to be—a practical treatise."—Engineer. 
‘‘A capital and reliable book which will no doubt be of considerable service both to those who are 
already acquainted with the process as well as to those who contemplate its adoption.”—Industrtes. 


LATHE-WORK. 


A Practical Treatise on the Tools, Appliances, and Processes employed in the 
Art of Turning. By Paut N.Hastuck. Seventh Edition. Crown 8vo, cloth &/= 
‘*Written by a man who knows not only how work ought to be done, but who also knows how to 
do it, and how to convey his knowledge to others. To all turners this book would be valuable."— 
Engineering. 
“We can safely recommend the work to young engineers. To the amateur it will simply be 
invaluable. To the student It will convey a great deal of useful information."—Engineer. 


SCREW THREADS. 


And Methods of Producing Them. With numerous Tables and complete 
Directions for using Screw-Cutting Lathes. By Paut N. Hastvuck, Author of 
‘‘ Lathe-Work," &c. Fifth Edition. Waistcoat-pocket size . ; . 1/6 
*‘ Full of useful information, hints, and practical criticism. Taps, dies, and screwing tools generally 
are Illustrated and their action described."—Mechanical World. ; 
‘It is a complete compendium of all the details of the screw-cutting lathe; in fact a multum-in- 
parvo on all the subjects it treats upon."—Carpenter and Builder, 


TABLES AND MEMORANDA FOR ENGINEERS, 
MECHANICS, ARCHITECTS, BUILDERS, &c. 


Selected and Arranged by Francis SmitH. Sixth Edition, Revised, including 
ELECTRICAL TABLES, FORMULZ, AND MEMORANDA. Waistcoat-pocket size, 
limp leather. .  . | 16 


“It would, perhaps, be as difficult to make a small pocket-book selection of notes and formulz to 
suit ALL engineers as it would be to make a universal medicine; but Mr. Smith's waistcoat-pocket 
collection may be looked upon as a successful attempt.”—Engineer. 

‘The best example we have ever seen of 270 pages of useful matter packed into the dimensions of 
a card case."— Building News. ‘‘ A veritable pocket treasury of knowledge.”—IJron. 


POCKET GLOSSARY: OF TECHNICAL TERMS. 


English-French, French-English; with Tables suitable for the Architectural, 

Engineering, Manufacturing, and Nautical Professions. By JOHN JAMES 

FLETCHER. Third Edition. 200 pp. Waistcoat-pocket size, limp leather 1/6 

“It is a very great advantage for readers and correspondents in France and England to have so 

large a number of the words relating to engineering and manufactures collected in a liliputian volume. 
The little book will be useful both to students and travellers.”—A rchitect. 


‘‘ The glossary of terms is very complete, and many of the Tables are new and well-arranged. We 
cordially commend the book.” —Mechantcal World, 


8 CROSBY LOCKWOOD & SON’S CATALOGUE. 


THE ENGINEER’S YEAR-BOOK FOR 1903. 


Comprising Formule, Rules, Tables, Data and Memoranda in Civil, Mechanical, 
Electrical, Marine and Mine Engineering. By H. R. Kempz, A.M.Inst.C.E., 
M.I.E.E., Principal Technical Officer, Engineer-in-Chief's Office, General Post 
Office, London, Author of '‘ A Handbook of Electrical Testing,’’ ‘‘ The Electrical 
Engineer's Pocket-Book,” &c. With 1,000 Illustrations, specially Engraved for 
the work. Crown 8vo, about 1,000 pages, leather. [Just Published. S/= 
‘‘Kempe's Year-Book really requires no commendation. Its sphere of usefulness is widely known, 
and it is used by engineers the world over."—The Engineer. 
“The volume is distinctly in advance of most similar publications in this country.” —Engineertng 


re incering. 
“This valuable and well-designed book of reference meets the demands of all descriptions of 
engineers."—Saturday Review. 


” ‘‘Teems with up-to-date information in every branch of engineering and construction."—Buslding 
ews. 
‘The needs of the engineering profession could hardly be supplied in a more admirable, complete 
and convenient form. To say that it more than sustains all comparisons is praise of the highest sort, 
and that may justly be said of it."—Mining Journal. 

“There is certainly room for the new comer, which supplies explanations and directions, as well 
2 formule and tables. It deserves to become one of the most successful of the technical annuals.”— 

rchitect. 

‘‘ Brings together with great skill all the technical information which an engineer has to use day by 
day. Itisin every way admirably equipped, and is sure to prove successful."—Scotsman. 

“The up-to-dateness of Mr. Kempe’s compilation is a quality that will not be lost on the busy 
people for whom the work is intended."—Glasgow Herald. 


THE PORTABLE ENGINE. 


A Practical Manual on its Construction and Management. For the Use 
of Owners and Users of Steam Engines generally. By WurLt1am Dyson 
WANSBROUGH. Crown 8vo, cloth . : : : ; . 3/6 


“This is a work of value to those who use steam machinery. . . . Should be read by every one 
who has a steam engine, on a farm or elsewhere.”—Mark Lane Express. 

“We cordially commend this work to buyers and owners of steam engines, and to those who have 
to do with their construction or use.”—Timber Trades Journal. 

“ Such a general knowledge of the steam-engine as Mr. Wansbrough furnishes to the reader should 
be acquired by all intelligent owners and others who use the steam engine."—Buslding News. 

“An excellent text-book of this useful form of engine. The ‘ Hints to Purchasers’ contain a good 
deal of common-sense and practical wisdom."—English Mechanic. 


IRON AND STEEL. 


A work for the Forge, Foundry, Factory, and Office. Containing ready, useful, 
and trustworthy Information for Ironmasters and their Stock-takers; Managers 
of Bar, Rail, Plate, and Sheet Rolling Mills; Iron and Metal Founders; Iron 
Ship and Bridge Builders; Mechanical, Mining, and Consulting Engineers ; 
Architects, Contractors, Builders, &c. By CHARLES Hoare, Author of ‘' The 
Slide Rule,"’ &c. Ninth Edition. 32mo, leather. . : : 6/- 


‘For comprehensiveness the book has not its equal."—Jron. 
“One of the best of the pocket books."—English Mechanic. 


CONDENSED MECHANICS. 


A Selection of Formule, Rules, Tables, and Data for the Use of Engineering 
Students, &c. By W.G.C. HuGues, A.M.ILC.E. Crown 8vo,cloth . 2/6 


“The book is well fitted for those who are preparing for examination and wish to refresh their 
knowledge by going through their formulz again."—Marine Engineer. 


THE SAFE USE OF STEAM. 


Containing Rules for Unprofessional Steam-users. By an ENGINEER. Seventh 
Edition. Sewed e e e e e e e e . . 6d. : 


‘ If steam-users would but learn this little book by heart, boiler explosions would become sensa- 
tions by their rarity."—English Mechanic. 


ee oe AND MANAGEMENT OF STATIONARY 
G : 

A Practical Handbook for Men-in-charge. By C. Hurst. Crown 8vo, cloth. 

| | [Just Published. Net 1 
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THE LOCOMOTIVE ENGINE. 


The eee of an Old Locomotive Engine. By RoBERT WEATHERBURN, 
M.I.M.E. With Illustrations and Portraits of GzorGe and Ropert STEPHEN- 
son. Crown 8vo, cloth . : ‘ : ‘ ; : Net 2/6 


SUMMARY OF CONTENTS. PROLOGUE.—CYLINDERS.—MOTIONS.—CONNECTING RODS.—FRAMES.— 
Wuer_s.—Pumps, Cracks, &c.—INjECTORS.—BO!ILers.—SMOKE BOX.—CHIMNEY.— WEATHER BOARD 
AND AWNING.—INTERNAL DISSENSIONS.—ENGINE DRIVERS, &C. 


‘It would be difficult to imagine anything more ingeniously planned, more cleverly worked out, 
and more charmingly written. Readers, whether young or old, of a mechanical turn, cannot fail to 
find the volume most enjoyable as well as most instructive."—Glasgow Herald. 


THE LOCOMOTIVE ENGINE & ITS DEVELOPMENT. 


A Popular Treatise on the Gradual Improvements made in Railway Engines 
between 1803 and 1903. By CLementT E. Stretton, C.E. Sixth Edition, 
Revised and Enlarged. With 120 Illustrations. Crown 8vo, cloth. 

[Just Published. Net 4/6 


“* Students of railway history and all who are interested in the evolution of the modern locomotive 
will find much to attract and entertain in this volume."—The Times. 


LOCOMOTIVE ENGINE DRIVING. 


A Practical Manual for Engineers in Charge of Locomotive Engines. By 
MICHAEL REyYNOLDs, formerly Locomotive Inspector, L. B.andS.C.R. Eleventh 
Edition. Including a Key To THE Locomotive ENGINE. Cr. 8vo, cloth. 4/6 


“Mr. Aero has supplied a want, and has supplied it well. We can confidently recommend the 
book not only to the practical driver, but to everyone who takes an interest in the performance ot 
locomotive engines.”—The Engineer. 

“Mr. Reynolds has opened a new chapter In the literature of the day. This admirable practical 
treatise, of the practical utility of which we have to speak in terms of warm commendation."—A thenaum. 


THE MODEL LOCOMOTIVE ENGINEER, 


Fireman, and Engine-Boy. Comprising a Historical Notice of the Pioneer 
Locomotive Engines and their Inventors. By MicHazt Reynotps. Second 
Edition, with Revised Appendix. Crown 8vo, cloth ’ . 4/6 


‘We should be glad to see this book in the possession of everyone in the kingdom who has ever 
laid, or is to lay, hands on a locomotive engine."—Z/ron. 


CONTINUOUS RAILWAY BRAKES. 


A Practical Treatise on the several Systems in Use in the United Kingdom: 
their Construction and Performance. By MICHAEL REyYNoLDs. 8vo, cloth Q/= 


‘A popular explanation of the different brakes. It will be of great assistance in forming public 
opinion, and will be studied with benefit by those who take an interest in the brake."—English Mechantc. 


STATIONARY ENGINE DRIVING. 


A Practical Manual for Engineers in Charge of Stationary Engines. By 
MicHaEL Reynotps. Sixth Edition. With Plates and Woodcuts. Crown 
8vo, cloth . ; . ; ; 4/6 


“ The author's advice on the various points treated is clear and practical."—Enginecring. 
“Our author leaves no stone unturned. He is determined that his readers shall not only know 
something about the stationary engine, but all about it."—Engineer. 


ENGINE-DRIVING LIFE. 


Stirring Adventures and Incidents in the Lives of Locomotive Engine-Drivers. 
By MicuakEL Reynotps. Third Edition. Crown 8vo, cloth. 116 


“From first to last perfectly fascinating. Wilkie Collins's most thrilling conceptions are thrown into 
the shade by true incidents, endless in their variety, related in every page.’"—North British Maul. 


THE ENGINEMAN’S POCKET COMPANION, 


And Practical Educator for Enginemen, Boiler Attendants, and Mechanics. 
By MicuagEc ReEynotps. With Forty-five Illustrations and numerous Diagrams. 
Fourth Edition, Revised. Royal 18mo, strongly bound for pocket wear . 3/6 


“A most meritorious work, giving in a succinct and practical form all the information an spyule: 
minder desirous of mastering the scientific principles of his daily calling would require."—The Muller. 
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LIGHT RAILWAYS FOR THE UNITED KINGDOM, 
INDIA, AND THE COLONIES. 

A Practical Handbook setting forth the Principles on which Light Railways 

should be Constructed, Worked, and Financed: and detailing the cost of 

Construction, Equipment, Revenue and Working Expenses. By J. C. Mackay, 

F.G.S., A.M.Inst.C.E. Illustrated with Plates and Diagrams. 8vo, cloth 15/= 


“Mr. Mackay’s volume is eens and concisely written, admirably arranged, and freely illustrated. 
The book is exactly what has been long wanted. We recommend it to all interested in the subject. 
It is sure to have a wide sale."—Raulway News. 


TUNNELLING. 


A Practical Treatise. By C. PRexini, C.E., with Additions by C. S. H1Lt, C.E. 
With 150 Diagrams and Illustrations. Royal 8vo, cloth. Net 16/- 


PRACTICAL TUNNELLING. 


Explaining in detail Setting-out the Works, Shaft-sinking, and Heading-driving, 
Ranging the Lines and Levelling underground, Sub-Excavating, Timbering and 
the Construction of the Brickwork of Tunnels. By F. W. Siums, M.Inst.C.E. 
Fourth Edition, Revised and Further Extended, including the most Recent 
(1895) Examples of Sub-aqueous and other Tunnels by D. KINNEAR CLark, 
M.Inst.C.E. With 34 Folding Plates. Imperial 8vo, cloth . £2 2s. 


“The present (1896) edition has been brought right up to date, and is thus rendered a work to 
which civil engineers generally should have ready access, and to which engineers who have con- 
struction work can hardly afford to be without, but which to the younger members of the profession 
is invaluable, as from its pages they can learn the state to which the science of tunnelling has 
attained.”—Ratlway News. 


THE WATER SUPPLY OF TOWNS, AND THE CON- 
STRUCTION OF WATER-WORKS. 

A Practical Treatise for the Use of Engineers and Students of Engineering. By 

W. K. Burton, A.M.Inst.C.E., Consulting Engineer to the Tokyo Water- 

Works. Second Edition, Revised and Extended. With numerous Plates and 

Illustrations. Super-royal 8vo, buckram. [Just Published. 25.0 


I. Intropuctory.—II. DifFERENT QUALITIES CHINERY.—XVII. Flow oF WATER IN CONDUITS 


or Water.—IlI. Quantity oF WATER TO BE 
ProvipEp.—IV. ON ASCERTAINING WHETHER A 
Proposep SoOuRCE OF SUPPLY 1S SUFFICIENT. 
—V. On ESTIMATING THE STORAGE CAPACITY 
REQUIRED TO BE ProvipFEp.—VI1. CLASsSIFICA- 
TION OF WATERWORKS.—VII. IMPouNDING RE- 
SERVoIRS. — VIII. EartHwork Dams. — IX. 
Masonry Damus.—X. THE PwuRIFICATION OF 
WatTER.—XI. SETTLING RESERVOIRS.—XII.SAND 
FILTRATION.—XIII. Purirication oF WatTER 
BY ACTION OF IRON, SOFTENING OF WATER BY 
ACTION OF LIME, NATURAL FILTRATION.—XIV. 
SERVICE OR CLEAN WaTER RESERVOIRS— 
WatTER TOWERS—STAND Pipes.—XV. THE Con- 
NECTION OF SETTLING RESERVOIRS, FILTER BEDS 
AND SERVICE RESERVOIRS.—XVI. PuMPING Ma- 


trated. 


—Prpes AND OPEN CHANNELS.—XVIIL. Distri- 
BUTION SYSTEMS.—NIX. SPECIAL PROVISIONS 
FOR THE EXTINCTION OF FIRE.—XX. PIPES FOR 
WATERWORKS.—XXI. PREVENTION OF WASTE 
OF WATER.—XXII. Vartous APPLIANCES USED 
IN CONNECTION WITH WATERWORKS. 


APPENDIX I. By Pror. JOHN MILNE, F.R.S. 
—CONSIDERATIONS CONCERNING THE PROB- 
ABLE EFFECTS OF EARTHQUAKES ON WATER- 
WORKS, AND THE SPECIAL PRECAUTIONS TO 
BE TAKEN IN EARTHQUAKE COUNTRIES. 


APPENDIX II. By JOHN DE RIJKE, C.E.— 
On Sanpd Dunes ann DUNE AND AS A 
SOURCE OF WaTER SUPPLY. 


‘‘The chapter upon filtration of water is very complete, and the details of construction well illus- 
. The work should be specially valuable to civil engineers engaged in work in Japan, 


but the interest is by no means confined to that locality.”"—Engineer. 
“We congratulate the author upon the practical commonsense shown in the preparation of this 


work. 


The plates and diagrams have evidently been prepared with great care, and cannot 


fail to be of great assistance to the student."—Busilder. 


RURAL WATER SUPPLY. 


A Practical Handbook on the Supply of Water and Construction of Waterworks 


for small Country Districts. 


By ALLAN GREENWELL, A.M.I.C.E., and W. T. 


Curry, A.M.I.C.E., F.G.S. With Illustrations. Second Edition, Revised. 


Crown 8vo, cloth : : 


r 
=a 
: : 5 


“We conscientiously recommend it as a very useful book for those concerned in obtaining water 
for small districts, giving a great deal of practical information in a small compass.”"—Buslder. 

‘““The volume contains valuable information upon all matters connected with water supply. . 
It is full of details on points which are continually before waterworks engineers."—Nature. 
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THE WATER SUPPLY OF CITIES AND TOWNS. 
By WictiamM Humser, A.-M. Inst.C.E., and M.Inst.M.E., Author of ‘‘ Cast and 
Wrought Iron Bridge Construction,” &c., &c. Illustrated with 50 Double Plates, 
1 Single Plate, Coloured Frontispiece, and upwards of 250 Woodcuts, and 
containing 400 pages of Text. Imp. 4to, elegantly and substantially half-bound 
in morocco ek ; ; : : ‘ : (Net £6 6s. 
List OF CONTENTS. 


I. Historicat SKETCH OF SOME OF THE MEANS XIII. DistriBuTION OF WATER.—XIV. METERS, 
THAT HAVE BEEN ADOPTED FOR THE SUPPLY OF SERVICE Pipes, aNp Hovuse FittTincs.—XV. 
WATER TO CITIES AND Towns.—II. WATER AND THe Law ann Economy OF WATER Works.— 
THE FOREIGN MATTER USUALLY ASSOCIATED XVI. CONSTANT AND INTERMITTENT SUPPLY.— 


with IT.—III, RAINFALL AND EVAPORATION.— XVII. Description oF PrLaTES.—APPENDICES, 
IV. SPRINGS AND THE WATER-BEARING FORMA- GIVING TABLES oF RATES OF Swupp.Ly, VELO- 
TIONS OF VARIOUS DISTRICTS.—V. MEASUREMENT ciTizs, &c., &c., TOGETHER WITH SPECIFICA- 
AND ESTIMATION OF THE FLOW OF WATER.— TIONS OF SEVERAL WORKS ILLUSTRATED, AMONG 
VI. On THE SELECTION OF THE SOURCE OF WHICH WILL BE FOUND: ABERDEEN, BIDEFORD, 
Suppry. — VII. Wetits.—VIII. REsSERVorrs.— CANTERBURY, DuNDEF, HaAtirax, LAMBETH, 
IX. THE PuRIFICATION OF WATER.—X. PUMPS. ROTHERHAM, DUBLIN, AND OTHERS, 


—XI. Pumpinac MACHINERY.—AII. Conpvuits.— 


‘*The most systematic and valuable work upon water supply hitherto produced in English, orin any 
other language. . . . Mr. Humber's work Js characterised almost throughout by an exhaustiveness 
much more distinctive of French and Gerinan than of English technical treatises.”"—Engtneer. 


HYDRAULIC POWER ENGINEERING. 


A Practical Manual on the Concentration and Transmission of Power by 
Hydraulic Machinery. By G. Croypon Marks, A.M.Inst.C.E. With nearly 
200 Illustrations. 8vo, cloth . : ; ; ; Net Q/= 


SUMMARY OF CONTENTS. 
PRINCIPLES OF HyDRAULICS.—THEK FLoW oF | WORKING AND FORGING MACHINERY.— HYDRAULIC 


WatTER. — HyDRAULIC PRESSURES. — MATERIAL. RIVETERS.—HAND AND PowER PuMPps.—STEAM 
—Test Loap.—PaAckiIncs FOR SLIDING Sur- ' PusMps.—TuRBINES.—IMPULSE TURBINES.—RE- 
FACES.—PiIPE JOINTS.—CONTROLLING VALVES. ACTION TURBINES.—DESIGN OF TURBINES IN 
—PLarFrorm Lirts.—WorRKSHOP AND FOUNDRY DETAIL. — WaTER WHEELS.—HypDRAULIC En- 
CRANES.— WAREHOUSE AND Dock CRANES.— GINES.— RECENT ACHIEVEMENTS.— PRESSURE OF 


HYDRAULIC ACCUMULATORS — PRESSES’ FOR WATER.—ACTION OF Pumps, &c. 
BALING AND OTHER PuRPOSES.—SHEET METAL- 


‘* We have nothing but praise for this thoroughly valuable work. The author has succeeded in 
rendering his subject interesting as well as instructive."— Practical Engineer. 

“Can be unhesitatingly recommended as a useful and up-to-date manual on hydraulic transmission 
and utilisation of power."—sfechantcal World. 


HYDRAULIC TABLES, CO-EFFICIENTS, & FORMUL:. 


For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New Formule, Tables, and General Information on Rain-fall, 
Catchment-Basins, Drainage. Sewerage, Water Supply for Towns and Mill 
Power. By JoHN NeEvicce, Civil Engineer, M.R.I.A. Third Edition, carefully 
Revised, with considerable Additions. Numerous Illustrations. Crown 8vo, 
cloth . ; ; ; ; . 14/- 


“Tt is, of all English books on the subject, the one nearest to completeness."—A rchitect. 


HYDRAULIC MANUAL. 


Consisting of Working Tables and Explanatory Text. Intended as a Guide in 
Hydraulic Calculations and Field Operations. By Lowis D’A. Jackson, Author 
of «Aid to Survey Practice,’ ‘‘Modern Metrology,’ &c. Fourth Edition, 
Enlarged. Large crown 8vo, cloth . : ; 16/- 


“The author has constructed a manual which may be accepted as a trustworthy guide to this branch 
of the engineer's profession.”—Engineering. 


WATER ENGINEERING. 


A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisation 
of Water for the Supply of Towns, for Mill Power, and for other Purposes. By 
CHARLES ScacGc, A.M. Inst.C.E. Second Edition. Crown 8vo, cloth . 7/6 


‘As a small practical treatise on the water supply of towns, and on some applications of water- 
power, the work is in many respects excellent."—Engineering. 

“The author has collated the results deduced from the experiments of the most eminent 
authorities, and has presented them in a compact and practical form, accompanied by very clear 
and detailed explanations. . . . The application of water as a motive power is treated very carefully 
and exhaustively."—Buslder. 
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THE RECLAMATION OF LAND FROM TIDAL WATERS. 


A Handbook for Engineers, Landed Proprietors, and others interested in Works 
of Reclamation. By ALEx. BEazELey, M.Inst.C.E. 8vo,cloth . Net 10/6 


“The book shows in a concise way what has to be done in reclaiming land from the sea, and the 
best way of doing it. The work contains a great deal of practical and useful information which cannot 
fail to of service to engineers entrusted with the enclosure of salt marshes, and to land owners 
intending to reclaim land from the sea."—The Eee 
“The author haz carried out his task efficiently and well, and his book contains a large amount ot 
information of great service to engineers and others interested in works of reclamation."—Nature. 


MASONRY DAMS FROM INCEPTION To COMPLETION. 


Including numerous Formule, Forms of Specification and Tender, Pocket 
Diagram of Forces, &c. For the use of Civil and Mining Engineers. By C. F. 
Courtney, M.Inst.C.E. 8vo, cloth . ; : 9/- 


‘““The volume contains a good deal of valuable data. Many usefullsuggestions will be found in 
the remarks on site and position, location of dam, foundations and construction.”"—Buslding News. 


RIVER BARS. 


The Causes of their Formation, and their Treatment by ‘Induced Tidal Scour;’ 

with a Description of the Successful Reduction by this Method of the Bar at 
Dublin. By I. J. Mann, Assist. Eng. to the Dublin Port and Docks Board. 
Royal 8vo, cloth ‘ : : - 6 


‘* We recommend all interested in Keebour Sarieand: indeed. ioe concerned in the improve- 
ments of rivers generally—to read Mr. Mann's interesting work. "__ Engineer. 


TRAMWAYS: THEIR CONSTRUCTION & WORKING. 


Embracing a Comprehensive History of the System; with an exhaustive Analysis 
of the Various Modes of Traction, including Horse Power, Steam, Cable 
Traction, Electric Traction, &c.; a Description of the Varieties of Rolling Stock; 
and ample Details of Cost and Working Expenses. New Edition, Thoroughly 
Revised, and Including the Progress recently made in Tramway Construction, 
&c. &c. By D. Kinnear Crark, M.Inst.C.E. With 4goo Illustrations. 8vo, 

780 pages, buckram . . 28 - 


‘The new volume is one which will rail tiene sdeamieay eiigineeis end hone interested in 
tramway working, with the author's world- famed book on railway machinery.”"—The Engineer. 


SURVEYING AS PRACTISED BY CIVIL ENGINEERS 
AND SURVEYORS. 
Including the Setting-Out of Works for Construction and Surveys Abroad, with 
many Examples taken from Actual Practice. A Handbook for use in the Field 
and the Office, intended also as a Text-book for Students. By OHN WHITE- 
Law, Jun., A.M.Inst.C.E., Author of “ Points and Crossings."’ ith about 260 
Illustrations. Demy 8vo, cloth. [Just Published. Net 10/6 


* This work is written with admirable lucidity, and will certainly be found of distinct value both 
to students and to those engaged in actual practice."—The Butlder. 


PRACTICAL SURVEYING. 


A Text-Book for Students preparing for Examinations or for Survey-work in the 
Colonies. By GreorGE W. UsiLi, A.M.I.C.E. With 4 De eae Plates and 
upwards of 330 Illustrations. Seventh Edition. Including Tables of Natural Sines, 
Tangents, Secants, &c. Crown 8vo, 7/6 cloth; or, on THIN Paper, leather, 
gilt edges, rounded corners, for pocket use . ; : ‘ 12/6 


“The best forins of instruments are described as to their gonsetuction: uses and modes of employ- 
ment, and there are innumerable hints on work and equipment such as the author, in his experience as 
surveyor, draughtsman and teacher, has found necessary, and which the student in his inexperience 
will find most serviceable."—ngineer. 

“The first book which should be put in the hands ofa pupil of Civil Engineering."—A rchitect. 


AID TO SURVEY PRACTICE. 


For Reference in Surveying, Levelling, and Setting-ont; and in Route Surveys 
of Travellers by Land and Sea. With Tables, Illustrations, and Records. By 
Lowis D’A. Jackson, A.M.I.C.E. Second Edition, Enlarged. 8vo,cloth 12/6 
“Mr. Jackson has produced a valuable vade-mecum for the surveyor. Wecan recommend this book 

as containing an admirable supplement to the teaching of the accomplished surveyor."—A thenaum. 


* The author brings to his work a fortunate union of theory and practical experience which, aided 
by aclear and lucid style of writing, renders the book a very useful one.”"—Builder. 
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SURVEYING WITH THE TACHEOMETER. 


A Practical Manual for the use of Civil and Military Engineers and Surveyors. 
Including two series of Tables specially computed for the Reduction of Readings 
in Sexagesimal and in Centesimal Degrees. By Nrit Kennepy, M_Inst.C.E. 
With Diagrams and Plates. Demy 8vo, cloth : Net 10/6 


‘‘The work is very clearly written, and should remove all difficulties in the way of any surveyor 
desirous of making use of this useful and rapid instrument.”—Nature. 


-ENGINEER’S & MINING SURVEYOR’S FIELD BOOK. 


Consisting of a Series of Tables, with Rules, Explanations of Systems, and use of 
Theodolite for Traverse Surveying and Plotting the Work with minute accuracy 
by means of Straight Edge and Set Square only; Levelling with the Theodo- 
lite; Setting-out Curves with and without the Theodolite; Earthwork Tables, 
&c. By W. Davis Hasko_t, C.E. With numerous Woodcuts. Fourth Edition, 
Enlarged. Crown 8vo, cloth. ; ; ‘ ; : . 12/8 


“The book is very handy; the separate tables of sines and tangents to every minute will make it 
useful for many other purposes, the genuine traverse tables existing all the same."—A thenaum, 


LAND AND MARINE SURVEYING. 


In Reference to the Preparation of Plans for Roads and Railways; Canals, Rivers, 
Towns’ Water Supplies; Docks and Harbours. With Description and Use of 
Surveying Instruments. By W. Davis Haskott, C.E. Second Edition, Revised, 
with Additions. Large crown 8vo, cloth . : ; 9/- 


“This book must prove of great value to the student. We have no hesitation in recommending it, 
feeling assured that it will more than repay a careful study.”"—Mechanical World, 

“A most useful book for the student. We can strongly recommend it as a carefully-written and 
valuable text-book. It enjoys a well-deserved repute among surveyors."—Builder. 


PRINCIPLES AND PRACTICE OF LEVELLING. 


Showing its Application to purposes of Railway and Civil Engineering in the 
Construction of Roads; with Mr. TELForp's Rules for the same. By FREDERICK 
W. Simms, M.Inst.C.E. Eighth Edition, with Law's Practical Examples for 
Setting-out Railway Curves, and TRAUTWINE's Field Practice of Laying-out 
Circular Curves. With 7 Plates and numerous Woodcuts, 8vo. 8/6 


*,* TRAUTWINE on CuRVES may be had separate . ‘ 5/- 


“ The text-book on levelling in most of our epeinest iE schools and colleges."— Engineer. 
“The publishers have rendered a substantial service to the profession, especially to the younger 
members, by bringing out the present edition of Mr. Simms's useful work."—Engtneertng. 


AN OUTLINE OF THE METHOD OF CONDUCTING 


A TRIGONOMETRICAL SURVEY, 
For the Formation of Geographical and rope Maps and Plans, Military 
Reconnaissance, LEVELLING, &c., with Useful Problems, Formule, and 
Tables. By Lieut.-General Frome, R.E. Fourth Edition, Revised and partly 
Re-written by Major-General Sir CHARLES WARREN, G.C.M.G., R.E. With 19 
Plates and 115 Woodcuts, royal 8vo, cloth 16/- 


‘‘No words of praise from us can strengthen the position so well and so steadily maintained by 
this work. Sir Charles Warren has revised the entire work, and made such additions as were necessary 
to bring every portion of the contents up to the present date."—Broad Arrow. 


TABLES OF TANGENTIAL ANGLES & MULTIPLES. 


For Setting-out Curves from 5 to 200 Radius. By A. BeEazevey, M.Inst.C.E. 
Sixth Edition, Revised. With an Appendix on the use of the Tables for 
Measuring up Curves. Printed on 50 Cards, and sold in a cloth box, waistcoat- 
pocket size 3/6 


‘Each table is printed on a small card, which, being placed on the theodolite, leaves the hands free 
to manipulate the instrument—no small advantage as regards the rapidity of work.”—Engineer, 

“Very handy: a man may know that all his day's work must fall on two of these cards, which he 
puts into his own card-case, and leaves the rest behind.”—A thenaum. 


HANDY GENERAL EARTHWORK TABLES. 


Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings and 
Embankments from 3 inches to 80 feet in Depth or Height, for use with either 
66 feet Chain or 100 feet Chain By J. H. Watson Buck, M.Inst.C.E. Ona 
Sheet mounted in cloth case, ‘ : : ‘ : é . 3/6 
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EARTHWORK TABLES. 


Showing the Contents in Cubic Yards of Embankments, Cuttings, &c., of Heights 
or Depths up to an average of 80 feet. By JoszPH BroapBENT, C.E., and 
FRraNcIS CAMPIN, C.E. Crown 8vo, cloth , ‘ : d 5/- 


“The way in which accuracy is attained, by a simple division of each cross section into three 
elements, two of which are constant and one variable, is ingenious.”—A thenawum. 


A MANUAL ON EARTHWORK. 


By Avex. J. GRAHAM,C.E. With numerous Diagrams. Second Edition. 18mo, 
cloth . ‘ : : ; f : ; . ‘ : . 2/6 
THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
A Practical and Theoretical Essay. By J. H. Watson Buck, M.Inst.C.E., 
Resident Engineer, L. and N. W. R. With Folding Plates, 8vo, cloth . 12/-= 


‘* Many of the methods given are of extreme practical value to the mason, and the observations on 
the form or aren. the rules for ordering the stone, and the construction of the templates, will be found 
of considerable use. We commend the book to the engineering profession.”—Building News. 

‘“Will be regarded by civil engineers as of the utmost value, and calculated to save much time and 
obviate many mistakes."—Colliery Guardian. 


CAST & WROUGHT IRON BRIDGE CONSTRUCTION. 


(A Complete and Practical Treatise on), including Iron Foundations. In 
Three Parts—Theoretical, Practical, and Descriptive. By WILLIAM HUMBER, 
A.-M. Inst.C.E., and M.Inst.M.E. Third Edition, Revised and much improved, 
with 115 Double Plates (20 of which now first appear in this edition), and 
numerous Additions to the Text. In 2 vols., imp. 4to, half-bound in morocco. 
£6 16s. 6d. 


“A very valuable contribution to the standard literature of civil engineering. In addition to 
elevations, plans, and sections, large scale details are given, which very much enhance the instructive 
worth of those illustrations."—Ciusl Engineer and Archstect's Journal. 

“Mr. Humber's ste volumes, lately issued—in which the most important bridges erected during 
the last five years, under the direction of the late Mr. Brunel, Sir W. Cubitt, Mr. Hawkshaw, Mr. Page, 
Mr. Fowler, Mr. Hemans, and others among our most eminent engineers, are drawn and specified in 
great detail."—Engineer. 


ESSAY ON OBLIQUE BRIDGES 


(Practical and Theoretical). With 13 large Plates. By the late GEorGE 
Watson Buck, M.I.C.E. Fourth Edition, revised by his Son, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Diagrams for Facilitating 
the Construction of Oblique Bridges, by W. H. Bartow, M.I.C.E. Royal 8vo, 
cloth . . 12/- 


‘The standard text-book for all engineers regarding skew arches is Mr. Buck's treatise, and it 
would be impossible to consult a better."—Engineer. 

‘Mr. Buck's treatise is recognised as a standard text-book, and his treatment has divested the subject 
of many of the intricacies supposed to belong to it. As a guide to the engineer and architect, ona 
confessedly difficult subject, Mr. Buck's work is unsurpassed.”—Buslding News. 


THE CONSTRUCTION OF OBLIQUE ARCHES 


(A practical Treatise on). By JoHN Hart. Third Edition, with Plates. Imperial 
8vo, cloth . ‘ 5 ; ‘ ‘ : ‘ ; ; . 8/- 


GRAPHIC AND ANALYTIC STATICS. 


In their Practical Application to the Treatment of Stresses in Roofs, Solid Girders, 
Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and Piers, and 
other Frameworks. By R. Hupson Grauam, C.E. Containing Diagrams and 
Plates to Scale. With numerous Examples, many taken from existing Structures. 
Specially arranged for Class-work in Colleges and Universities. Second Edition, 





Revised and Enlarged. 8vo,cloth . : : F ; . 16/- 
““Mr. Graham's book will find a place wherever graphic and analytic statics are used or studied.” — 
Engineer. 


‘‘The work Is excellent from a practical point of view, and has evidently been prepared with much 
care. The directions for working are ample, and are illustrated by an abundance of well-selected 
examples. It is an excellent text-book for the practical draughtsman."—A theneum. 


WEIGHTS OF WROUGHT IRON AND STEEL GIRDERS. 


A Graphic Table for Facilitating the Computation of the Weights of Wrought 
Iron and Steel Girders, &c., for Parliamentary and other Estimates. By J. H. 
Watsox Buck, M.Inst.C.E. Ona Sheet ‘ ; ‘ 7 ; ; 2'6 
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PRACTICAL GEOMETRY. 


For the Architect, Engineer, and Mechanic. Giving Rules for the Delineation 
and Application of various Geometrical Lines, Figures, and Curves. By E. W. 
Tarn, M.A., Architect. 8vo, cloth . Br we 9/- 


“No book with the same objects In view has ever been published in which the clearness of the rules 
laid down and the illustrative diagrams have been so satisfactory."—Scotsman. 


THE GEOMETRY OF COMPASSES. 


Or, Problems Resolved by the mere Description of Circles, and the use of 
Coloured Diagrams and Symbols. By OLiver Byrne. Coloured Plates. 
Crown 8vo, cloth. ‘ ' ‘ ; ‘ ‘ : . 3/6 


HANDY BOOK For THE CALCULATION or STRAINS 


In Girders and Similar Structures and their Strength. Consisting of Formulz 
and Corresponding Diagrams, with numerous details for Practical Application, 
&c. By Witt1am Humser, A.-M.Inst.C.E., &c. Fifth Edition. Crown 8vo, 
with nearly 100 Woodcuts and 3 Plates, cloth. , 736 
** The formulz are neatly expressed, and the diagrams good."—A theneum. 


i; We heartily commend this really handy book to our engineer and architect readers." —English 
Mechanic. 


TRUSSES OF WOOD AND IRON. 


Practical Applications of Science in Determining the Stresses, Breaking Weights, 
Safe Loads, Scantlings, and Details of Construction. With Complete Working 
Drawings. By WIULLIAM GRIFFITHS, Surveyor, Assistant Master, Tranmere 
School of Science and Art. Oblong 8vo, cloth. ; ; . 46 


“This handy little book enters so minutely into every detail connected with the construction of roof 
trusses that no student need be ignorant of these matters."—/ractical Engineer. 


THE STRAINS ON STRUCTURES OF IRONWORK. 


With Practical Remarks on Iron Construction. By F. W. SHEILDs, M.I.C.E. 
8vo, cloth . ; ; i ; . 5i'- 


A TREATISE ON THE STRENGTH OF MATERIALS. 


With Rules for application in Architecture, the Construction of Suspension 

Bridges, Railways, &c. By PETER Bartow, F.R.S. A New Edition, revised by 

his Sons, P. W. Bartow, F.R.S., and W. H. Bartow, F.R.S.; to which are 

added, Experiments by HopGkINson, FairBAIRN, and KirKaLpy; and Formule 

for Calculating Girders, &c. Arranged and Edited by Wm. Humpegr, A.-M. Inst. 

C.E. Demy 8vo, 4oo pp., with 19 large Plates and numerous Woodcuts, cloth. 

18/- 

“ Valuable alike to the student, tyro, and the experienced practitioner, it will always rank in future, 

as it has hitherto done, as the standard treatise on that particular subject."—Engineer. 


‘As a scientific work of the first class, it deserves a foremost place on the bookshelves of every 
civil engineer and practical mechanic."—English Mechanic. 


SAFE RAILWAY WORKING. 


A Treatise on Railway Accidents, their Cause and Prevention; with a Descrip- 
tion of Modern Appliances and Systems. By CLement E. Stretton, C.E., 
Vice-President and Consulting Engineer, Amalgamated Society of Railwa 
Servants. With Illustrations and Coloured Plates. Third Edition, Enlarged. 


Crown 8vo, cloth ’ ‘ ; : ; . 3/6 
‘A book for the engineer, the directors, the managers; and, in short, all who wish for information 
on railway matters will find a perfect encyclopadia in ‘Safe Railway Working.’"—Railway Review. 


“We commend the remarks on railway signalling to all railway managers, especially where a 
uniform code and practice is advocated."—Hereputh'’s Railway Journal, 

‘The author may be congratulated on having collected, in a very convenient form, much valuable 
information on the principal questions affecting the safe working of railways."—Railway Engineer. 


EXPANSION OF STRUCTURES BY HEAT. 


By Joun Kelty, C.E., late of the Indian Public Works Department. Crown 
8vo, cloth . 4 ; : ‘ : a. . 3&6 
“The aim the author has set before him, viz., to show the effects of heat upon metallic and other 


structures, is a laudable one, for this is a branch of physics upon which the engineer or architect can 
find but little reliable and comprehensive data in books."—Builder 
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THE PROGRESS OF MODERN ENGINEERING. 


Complete in Four Volumes, imperial 4to, half-morocco, price £12 128. 
Each volume sold separately, as follows :— 
First SERIES, Comprising Civil, Mechanical, Marine, Hydraulic, Railway, 
Bridge, and other Engineering Works, &c. By WiLL1am Homer, A.-M. Inst.C.E., 
&c. Imp. 4to, with 36 Double Plates, drawn to a large scale. Photographic 
Portrait of John Hawkshaw, C.E., F.R.S., &c.,and copious descriptive Letterpress, 
Specifications, &c., half-morocco , . £3 3s. 


LisT OF THE PLATES AND DIAGRAMS. 
VicToRIA STATION AND Roor, L. B. & S. C. R. (8 plates); SouTHPorRT PrEeR (2 PLATES); 
VicTorRIa STATION AND Roor, L. C. & D. ann G. W. R. (6 PLATES); Roor or CREMORNE Music 
Hatt; BRIDGE over G. N. Rarttway; Roor or Station, DutcH RHENiIsH RAIL (2 PLATES); 
BRIDGE OVER THE THAMES, West LONDON EXTENSION RAILWAY (5 PLATES); ARMOUR PLATES: 
SUSPENSION BRIDGE, THAMES (4 PLATES); THE ALLEN ENGINE; SUSPENSION BRIDGE, AVON 
(3 PLATES) ; UNDERGROUND RalLway (3 PLATES). 
““Handsomely lithographed and printed. It will find favour with many who desire to preserve in 
a permanent form copies of the plans and specifications prepared for the guidance of the contractors for 
many important engineering works.’—Engineer. 


HUMBER’S MODERN ENGINEERING. 


SECOND SERIES. Imperial 4to, with 3 Double Plates, Photographic Portrait of 
Robert Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letterpress, 
Specifications, &c., half-morocco ; , . £3 3s. 


LIST OF THE PLATES AND DIAGRAMS. 

BIRKENHEAD Docks, Low WatTeER BASIN (15 PLATES); CHARING Cross Station Roor, C. C. 
RAILWAY (3 PLATES); DiGSWELL ViapucT, GRBAT NorTHERN Rattway ; RoBBERY Woop Vrapucr, 
GREAT NORTHERN RAILWAY; IRON PERMANENT Way; CLYDACH VIADUCT ; MERTHYR, TREDEGAR, 
AND ABERGAVENNY RaILWway ; EBspw VIADUCT, MERTHYR, TREDEGAR, AND ABERGAVENNY RalLwayY ; 
CoLLEGE Woop Viapuct, CokNWALL Raitway; DuBLIN WINTER PaLace Roor (3 PLATES); 
BRIDGE OVER THE THAMES, L. C. anp D. Rainway (6 PLATES); ALBERT HarsourR, GREENOCK 
{4 PLATES). ; 
va Mr. Humber has done the profession good and true service, by the fine collection of examples he 
bas here brought before the profession and the public.”—Practical Mechanic's Journal. 


HUMBER’S MODERN ENGINEERING. 


THIRD SERIES. Imp. 4to, with 4o Double Plates, Photographic Portrait of J. R. 
M‘Clean, late Pres. Inst. C.E., and copious descriptive Letterpress, Specifica- 
tions, &c., half-morocco : : . £3 Ss. 


List OF THE PLATES AND DIAGRAMS. 

Main DRAINAGE, METROPOLIS.—North Side.—MAP SHOWING INTERCEPTION OF SEWERS; MIDDLE 
LEVEL SEWER (2 PLATES); OUTFALL SeWER, BRIDGE OVER RIVER LEA (3 PLATES); OUTFALL 
Sewer, BripGE oveR MarsH Lane, NortH WooLtwicH RalILtway, AND Bow aND BARKING 
RAILWAY ee OuTFALL SEWER, BRIDGE OVER Bow AND BARKING RAILWAY (3 PLATES) ; 
OUTFALL SEWER, BRIDGE OVER East LONDON WATERWORKS’ FEEDER (2 PLATES); OUTFALL 
SEWER RESERVOIR (2 PLATES) ; OUTFALL SEWER, TUMBLING Bay AND OUTLET ; OUTFALL SEWER, 
Penstocxs. South Side —OuTFALL SEWER, BERMONDSEY BRANCH (2 PLATES); OUTFALL SEWER, 
RESERVOIR AND OUTLET (4 PLATES); OUTFALL SEWER, FittH Hoist; SECTIONS oF SEWERS 
(NORTH AND SoutH SIDEs). 

THAMES EMBANKMENT.—SECTION OF RIVER WALL; STEAMBOAT PIER, WESTMINSTER (2 
PLATES); LANDING STAIRS BETWEEN CHARING CROSS AND WATERLOO BripGes; YorK GATE 
(2 PLATES); OVERFLOW AND OUTLET aT Savoy STREET SEWER (3 PLATES); STEAMBOAT PIER, 
WATERLOO BRIDGE (3 PLATES); JUNCTION OF SEWERS, PLANS AND SECTIONS; GULLIES, PLANS, 
AND SECTIONS; ROLLING STOCK ; GRANITE AND IRON Forts. 

‘The drawings have a constantly increasing value, and whoever desires to possess clear representa- 
tions of the two great works carried out by our Metropolitan Board will obtain Mr. Humber's 
volume."—Engineer. 


HUMBER’S MODERN ENGINEERING. 


FourTH SERIES. Imp. 4to, with 36 Double Plates, Photographic Portrait of 
John Fowler, late Pres. Inst. C.E., and copious descriptive Letterpress, Specifi- 
cations, &c., half-morocco . : £3 3s. 


List OF THE PLATES AND DIAGRAMS. 

ABBEY MILLS PUNPING STATION, MAIN DRAINAGE, METROPOLIS (4 PLATES); BARROW Docks 
{5 PLATES); MANQuIS VIADUCT, SANTIAGO AND VALPARAISO RAILWAY (2 PLATES) ; ADAM'S Locowo- 
TIVE, St. HELEN’s CANAL RatLway (2 PLATES); CANNON STREET STATION ROOF, CHARING CROSS 
RAILWAY (3 PLATES); ROAD BRIDGE OVER THE RIVER MOKA (2 PLATES) ; TELEGRAPHIC APPARATUS 
FOR MESOPOTAMIA ; VIADUCT OVER THE RIVER WYE, MIDLAND RalLway (3 PLATES); St. GERMANS 
ViapucT, CORNWALL RAILWAY (2 PLATES); WROUGHT-IRON CYLINDER FoR Divinc BELL: MILL- 
WALL Docks (6 PLATES); MiLroy’s PATENT EXCAVATOR; METROPOLITAN District RAILWAY 
46 PLATES) ; HARBOURS, PORTS, AND BREAKWATERS (3 PLATES). 

‘We gladly welcome another year's issue of this valuable publication from the able pen of Mr. 
Huinber. The accuracy and general excellence of this work are well known, while its usefulness in 
giving the measurements and details of some of the latest examples of engineering, as carried out by 
che most eminent men in the profession, cannot be too highly prized.”—A rtszan. 
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MARINE ENGINEERING, SHIPBUILDING, 
NAVIGATION, ETC. 


THE NAVAL ARCHITECT’S AND SHIPBUILDER’S 
POCKET-BOOK 


Of Formule, Rules, and Tables, and Marine Engineer's and Surveyor’s Handy 
Book of Reference. By CLEMENT Macxrow, M.I.N.A. Eighth Edition, care- 
fully Revised and Enlarged. Fcap., leather. [Just Published. Net 12/6 


SUMMARY OF CONTENTS. . 

SIGNS AND SymBOLS, DECIMAL FRACTIONS.—TRIGONOMETRY.—PRACTICAL GEOMETRY.—MEN- 
SURATION.—CENTRES AND MOMENTS OF FIGURES.—MOMENTS OF INERTIA AND Rapil GYRATION.— 
ALGEBRAICAL EXPRESSIONS FOR SIMPSON’S RULES.—MECHANICAL PRINCIPLES.—CENTRE OF GRAVITY. 
—Laws oF MoTion.—DIsSPLACEMENT, CENTRE OF BUOYANCY.—CENTRE OF GRAVITY OF Suip's Hu te. 
—STABILITY CURVES AND METACENTRES.—SEA AND SHALLOW-WATER WAVES.— ROLLING OF SHIPS.— 
PROPULSION AND RESISTANCE OF VESSELS.—SPEED TRIALS.—SAILING, CENTRE OF EFFORT.— 
DISTANCES DOWN RIVERS, COAST LINES.—STEERING AND RUDDERS OF VESSELS.—LAUNCHING 
CALCULATIONS AND VELOCITIES.—WEIGHT OF MATERIAL AND GEAR.—GUN PARTICULARS AND 
WEIGHT.—STANDARD GAUGES.—RIVETED JOINTS AND RIVETING.—STRENGTH AND TESTS OF 
MATERIALS.— BINDING AND SHFARING STRESSES, ETC.—STRENGTH OF SHAFTING, PILLARS, WHEELS, 
ETC.—Hypraucic Data, EtTc.—Conic SEcTIONS, CATENARIAN CURVES.—MECHANICAL POWERS, 
Worx.—Boarp OF TRADE REGULATIONS FOR BOILERS AND ENGINES.—BOARD OF TRADE REGULA- 
TIONS FOR SuHips.—Ltoyn’s RULES FOR BoILers.—Ltoyp'’s WEIGHT OF CHAINS.—LLoyn's ScANT- 
LINGS FOR SHIps.—DaTA OF ENGINES AND VESSELS.—SHIPS’ FITTINGS AND TESTS.—SEASONING 
PRESERVING TIMBER.—MEASUREMENT OF ‘TIMBER.—ALLOYS, PAINTS, VARNISHES.—DATA FOR 
StTowaGE. — ADMIRALTY TRANSPORT REGULATIONS. — RULES FOR HoORSE-POWER, SCREW PRo- 
PELLERS, ETC.—PERCENTAGES FOR Butt STRAPS, ETC.—PARTICULARS OF YACHTS.—MASTING AND 
RIGGING VESSELS.— DISTANCES OF FOREIGN PoRTS.—TONNAGE TABLES.—VOCABULARY OF FRENCH 
AND ENGLISH TERMS.—ENGLISH WEIGHTS AND MEASURES.—FORRIGN WEIGHTS AND MEASURES.— 
DecimaL EQuIVALENTS.—FoREIGN Monry.—DiscountT AND WAGE TABLES.— USEFUL NUMBERS AND 
Reavy RECKONERS.—TABLES OF CIRCULAR MEASURES.—TABLES OF AREAS OF AND CIRCUMFERENCES 
OF CIRCLES.—TABLES OF AREAS OF SEGMENTS OF CIRCLES.— TABLES OF SQUARES AND CUBES AND 
Roots oF NUMBERS.—TABLES OF LOGARITHMS OF NUMBERS.—TABLES OF HYPERBOLIC LOGARITHMS. 
—TABLES OF NATURAL SINES, TANGENTS, ETC.—TABLES OF LOGARITHMIC SINES, TANGENTS, ETC. 

‘‘In these days of advanced knowledge a work like this is of the greatest value. It contains a vast 
amount of information. We unhesitatingly say that it is the most valuable compilation for its specific 
purpose that has ever been printed. No naval architect, engineer, surveyor, seaman, wood or iron 
shipbuilder, can afford to be without this work."—Nautical Magazine. 

** Should be used by all who are engaged in the construction or design of vessels. . . . Will be 
found to contain the most useful tables and formulz required by shipbuilders, carefully collected from 
the best authorities, and put togetherin a popular and simple form. The book is one of exceptional 
merit."—Engineer. 

‘The professional shipbuilder has now, in a convenient and accessible form, reliable data for 
solving many of the numerous problems that present themselves.in the course of his work.”—Jron. 

“There is no doubt that a pocket-book of this description must be a necessity in the shipbuilding 
trade. . . . The volume contains a mass of useful information clearly expressed and presented in 
a handy form.”—Marine Engineer. 


WANNAN’S MARINE ENGINEER’S GUIDE 


To Board of Trade Examinations for Certificates of Competency. Containing 
all latest Questions to Date, with Simple, Clear, and Correct Solutions; 
302 Elementary Questions with Illustrated Answers, and Verbal Questions and 
Answers; complete Set of Drawings with Statements completed. By A. C. 
Wannan, C.E., Consulting Engineer, and E. W. I. Wannan, M.I.M.E., 
Certificated First Class Marine Engineer. Illustrated with numerous Engrav- 
ings. Third Edition, Revised and Enlarged. 500 pages. Large crown 8vo, 
cloth. [ Just Published. Net 10/6 


‘“‘ The book is clearly and plainly written and avoids unnecessary explanations and formulas, and 
we consider {t a valuable book for students of marine engineering."—Nautical Magazine. 

‘‘ This is an excellent book. The young engineer with the world before him could hardly make a 
sounder base. The feature of the volume is its simplicity."—Glasgow Herald. 

“The work covers all points on which information is Indispensable, and does so in a manner 
which affords those who go to it for guidance an opportunity of not only gaining knowledge, but of 
testing to what extent they have succeeded in mastering the multifarious details with which the 
volume abounds.”—Scotsman. 


WANNAN’S MARINE ENGINEER’S POCKET-BOOK. 


Containing latest Board of Trade Rules and Data for Marine Engineers. By 
A. C. Wannan, C.E. Third Edition, Revised, Enlarged, and Brought up to 
Date. Square 18mo, with Thumb Index, leather. (Just Published. §/e 
‘* There is a great deal of useful information in this little pocket-book. It is of the rule-of-thumb 
order, and is, on that account, well adapted to the uses of the sea-going engineer."— Engineer. 
‘The work, with its many diagrams, condenses the information that is contained in the larger 
works on the subject, in such a manner as to be very handy for reference."—Nautscal Magazine. 


B 
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SEA TERMS, PHRASES, AND WORDS 
(Technical Dictionary of) used in the English and French Languages. (English- 
French, French-English.) For the Use of Seamen, Engineers, Pilots, Ship- 
builders, Shipowners, and Ship-brokers. Compiled by W. Pirrtez, late of the 
African Steamship Company. Fcap. 8vo,clothlimp . : 5/- 


“This volume will be highly appreciated by seamen, engineers, pilots, shipbuilders and ship- 
owners. It will be found wenden y accurate and complete.”—Scotsman. 

“A very useful dictionary, which has long been wanted by French and English engineers, masters, 
officers and others." —Shipping World. 


ELECTRIC SHIP LIGHTING. 
A Handbook on the Practical Fitting and Running of Ship's Electrical Plant, for 
the Use of Shipowners and Builders, Marine Electricians and Sea-going 
Engineers in Charge. By J. W. Urgunarr, Author of ‘‘ Electric Light,” 
‘‘Dynamo Construction,” &c. Second Edition, revised and extended. With 
numerous Illustrations. Crown 8vo, cloth : : P ; i ; 7/6 


MARINE ENGINEER’S POCKET-BOOK, 


Consisting of useful Tables and Formulz. By FRANk Procror, A.I.N.A. 
Third Edition. Royal 32mo, leather ‘ : ‘ ‘ ; 4/- 


‘We recommend it to our readers as going far to supply a long-felt want."—Naval Science. 
‘A most useful companion to all marine engineers."—United Service Gazette. 


ELEMENTARY MARINE ENGINEERING. 


A Manual for Young Marine Engineers and Apprentices. In the Form of 
Questions and Answers on Metals, Alloys, Strength of Materials, Construction 
and Management of Marine Engines and Boilers, Geometry, &c. With an 
Appendix of Useful Tables. By JoHN SHERREN BREWER, Government Marine 
Surveyor, Hongkong. Fifth Edition, small crown 8vo, cloth. ; ; 1/6 


“Contains much valuable information for the class for whom it is intended, especially in the 
chapters on the management of boilers and engines."—Nautical Magazine. 


MARINE ENGINES AND STEAM VESSELS. 


A Treatise on. By RosBert Morray, C.E. Eighth Edition, thoroughly 
Revised, with considerable Additions by the Author and by GEorRGE CARLISLE, 
C.E., Senior Surveyor to the Board of Trade at Liverpool. Crown 8vo, cloth. 


4/6 
PRACTICAL NAVIGATION. 


Consisting of THE SaILor’s SEA-Boox, by JAMES GREENWooD and W. H. 
RosseEr ; together with the requisite Mathematical and Nautical Tables for the 
Working of the Problems, by Henry Law, C.E., and Professor J. R. Youna. 
Illustrated. 12mo, strongly half-bound . ' : ; ; 7/- 


THE ART AND SCIENCE OF SAILMAKING. 


By SAMUEL B. Sap cer, Practical Sailmaker, late in the employment of Messrs. 
Ratsey and Lapthorne, of Cowes and Gosport. With Plates and other I)lustra- 
tions. Small 4to, cloth. ‘ i ; : : ‘ : 12/6 
‘This extremely practical work gives a complete education in all the branches of the manufacture, 


cutting out, roping, seaming and goring. It is copiously illustrated, and will form a first-rate text-book 
and guide.”—Portsmouth Tsmes. 


CHAIN CABLES AND CHAINS. 


Comprising Sizes and Curves of Links, Studs, &c., Iron for Cables and Chains, 
Chain Cable and Chain Making, Forming and Welding Links, Strength of 
Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chain 
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests, 
Charges for Testing, List of Manufacturers of Cables, &c., &c. By THomas W. 
TRAILL, F.E.R.N., M.Inst.C.E., Engineer-Surveyor-in-Chief, Board of Trade, 
Inspector of Chain Cable and Anchor Proving Establishments, and General 
Beane Lloyd's Committee on Proving Establishments. With numerous 
Tables, Illustrations, and Lithographic Drawings. Folio, cloth, bevelled boards. 

£2 2s. 


“It contains a vast amount of valuable information. Nothing seems to be wanting to make it a 
complete and standard work of reference on the subject."—Nautical Magasine. 
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MINING, METALLURGY, AND 
COLLIERY WORKING. 


MACHINERY FOR METALLIFEROUS MINES. 


A Practical Treatise for Mining Engineers, Metallurgists and Managers of 
Mines. By E. Henry Daviess, M.E., F.G.S. 600 pp., with Folding Plates 
and other Illustrations. Medium 8vo, cloth. [Just Published. Net 285/= 


WatTerR AS A MorTIVE POWER.— WIND ENGINES AND VENTILATING MACHINERY.— STEAM 
Bo1Lers, STEAM ENGINES, AND OIL ENGINES.— HOISTING MACHINERY.—THE DRAINAGE OF MINES 
AND PUMPING MACHINERY.— ROCK DRILLING MACHINERY.—BORING MACHINERY.—COARSE CON- 
CENTRATION MACHINERY.—SIZING AND CLASSIFICATION TROMMELS.—JIGGERS AND JIGGING.— 
MACHINERY FOR FINE CONCENTRATION.—THE MILLING OF GOLD ORES.—THE MILLING OF SILVER 
ORES.—AMALGAMATING PLATES AND MACHINERY.— DRYING AND RoasTING MACHINERY.—THE 
CHLORINATION AND CYANIDE PROCESSES FOR THE EXTRACTION OF GOLD.—CONCENTRATION MILLS 
OR DRESSING FLOORS FOR THE ORES OF LEAD, ZINC, COPPER, ETC.—OTHER METHODS OF CON- 
CENTRATION, THE WORKING OF MILLS, ETC.—ELECTRICITY AS A MoTiveE PoweEeR FOR MINING 
MACHINERY.—ELECTRIC LIGHTING AND ELECTRIC BLASTING.—AERIAL WIRE ROPEWAYS AND WIRE 
RopeEs.—TRANSPORT BY RAIL AND Roap. 

'*Deals exhaustively with the many and complex details which go to make up the sum total of 
machinery and other requirements for the successful working of metalliferous mines, and as a book of 
ready reference is of the highest value to mine managers and directors "—Mining Journal. 

‘* Mr. Davies has done the advanced student and the manager of mines good service. Almost every 
kind of machinery in actual use is carefully described,and the woodcuts and plates are good."—A thenaum. 


THE DEEP LEVEL MINES OF THE RAND 
AND THEIR FUTURE DEVELOPMENT. 


Considered from the Commercial! Point of View. By G. A. DENNy (of jonennee. 
burg), M.N.E.I.M.E., Consulting Engineer to the General Mining and Finance 
Corporation, Limited, of London, Berlin, Paris,and Johannesburg. Fully Illustrated 
with Diagrams and Folding Plates. Royal 8vo, buckram. [ Just Published. Net 26/= 

‘‘Mr. Denny by confining himself to the consideration of the future of the deep-level mines of the 
Rand breaks new ground, and by dealing with the subject rather from a commercial standpoint than 
from a scientific one, appeals to a wide circle of readers. The book cannot fail to prove of very great 
value to investors in South African mines.”—Mining Journal. 

‘‘ Will interest all who are concerned in any way with the Witwatersrand Goldfields.”"—The Times. 


PROSPECTING FOR GOLD. 


A Handbook of Practical Information and Hints for Prospectors based on 
Personal Experience. By Danigev J. Rankin, F.R.S.G.S., M.R.A.S., formerly 
Manager of the Central African Company, and Leader of African Gold Pros- 
pecting Expeditions. With Illustrations specially Drawn and Engraved for the 
Work. Fcap. 8vo, leather. (Just Published. Net 7/6 


‘This well-compiled book contains a collection of the richest gems of useful knowledge for the 
prospector’s benefit. A special table is given to accelerate the spotting at a glance of minerals 
associated with gold."—Mining Journal. 


THE METALLURGY OF GOLD. 


A Practical Treatise on the Metallurgical Treatment of Gold-bearing Ores. 
Including the Assaying, Melting, and Refining of Gold. By M. EIssier, 
M.Inst.M.M. Fifth Edition, Enlarged. With over 300 Illustrations and 
Numerous Folding Plates. Medium 8vo, cloth. [Just Published. Net 21/= 
“This book thoroughly deserves its title of a ‘Practical Treatise.’ The whole process of gold 
mining, from the breaking of the quartz to the assay of the bullion, is described in clear and orderly 
narrative and with much, but not too much, fulness of detail."—Saturday Review. 
‘“The work is a storehouse of information and valuable data, and we strongly recommend it to all 
professional men engaged in the gold-mining industry."—Mitning Journal. 


THE CYANIDE PROCESS OF GOLD EXTRACTION. 
And its Practical Application on the Witwatersrand Gold Fieldsand elsewhere. 
By M. Etsscer, M.Inst.M.M. With Diagrams and Working Drawings. Third 
Edition, Revised and Enlarged. §8vo, cloth. [Just Published. Net 7/6 


‘‘This book is just what was needed to acquaint mining men with the actual working of a process 
which is not only the most popular, but is, as a general rule, the most successful for the extraction of 
gold from tailings."—Mining Journal. 


DIAMOND DRILLING FoR GOLD & OTHER MINERALS. 
A Practical Handbook on the Use of Modern Diamond Core-Drills in Prospect- 
ing and Exploiting Mineral-bearing Properties, including Particulars of the Cost 
of Apparatus and Working. By G. A. Denny, M.N.E.Inst.M.E., M.Inst.M.M. 
Medium 8vo, 168 pp., with Illustrative Diagrams. , : ; 12/6 

‘*There is certainly scope for a work on diamond drilling, and Mr. Denny deserves grateful 


shoal ee for supplying a decided want. We strongly recommend every board of directors to 
carefully peruse the pages of the work.”"—Mining Journal. 
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FIELD TESTING FOR GOLD AND SILVER. 
A Practical Manual for Prospectors and Miners. By W. H. Merritt, 
M.N.E.Inst.M.E., A.R.S.M., &c. With Photographic Plates and other Illustra- 
tions. Fcap. 8vo, leather. Net 6/= 
“As an instructor of prospectors classes Mr. Merritt has the advantage of knowing exactly the 


information likely to be most valuable to the miner in the field. The contents cover all the details of 
sampling and testing gold and silver ores. A useful addition to a prospector's kit."—Mtning Journal. 


THE PROSPECTOR’S HANDBOOK, 
A Guide for the Prospector and Traveller in Search of Metal-Bearing or other 
Valuable Minerals. By J. W. ANDERSON, M.A. (Camb.), F.R.G.S. Ninth Edition. 
Small crown 8vo, 3/6 cloth ; or, leather, pocket-book form, withtuck . 4/6 


“Will supply a much felt want, especially among Colonists, in whose way are so often thrown many 
fiinbealoeical specimens the value of which it is difficult to determine."—Engsneer. 
‘* How to find commercial minerals, and how to identify them when they are found, are the leading 
ints to which attention is directed. The author has managed to pack as much practical detail into 
is pages as would supply material for a book three times its size.”"—Mining Journal. 


THE METALLURGY OF SILVER. 


A Practical Treatise on the Amalgamation, Roasting, and Lixiviation of Silver 
Ores. Including the Assaying, Melting, and Refining of Silver Bullion. By 
M. Esser, M.Inst.M.M. Third Edition. Crown 8vo, cloth . . 10/6 


“A practical treatise, and a technical work which we are convinced will supply a long felt want 
amongst practical men, and at the same time be of value to students and others indirectly connected 
with the industries."—Alining Journal. 

“From first to last the book is thoroughly sound and reliable."—Colliery Guardian. 

“ For chemists, practical miners, assayers, and investors alike, we do not know of any work on the 
subject so handy and yet so comprehensive."—Glasgow Herald. 


THE HYDRO-METALLURGY OF COPPER. 


Being an Account of Processes Adopted in the Hydro-Metallurgical Treatment 
of Cupriferous Ores, including the Manufacture of Copper Vitriol. With 
Chapters on the Sources of Supply of Copper and the Roasting of Copper 
Ores. By M. EIssLter, M.Inst.M.M. Medium 8vo, cloth. 

(Just Published. Net 12/6 


‘“‘In this volume the various processes for the extraction of copper by wet methods are fully 
detailed. . . . Costs are given when available, and a great deal of useful information about the 
copper industry of the world is presented in an interesting and attractive manner. . . . A very 
welcome addition to the literature of copper."—Misning Journal. 


THE METALLURGY OF ARGENTIFEROUS LEAD. 
A Practical Treatise on the Smeltmg of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on various Smelting Establishments and 
Descriptions of Modern Smelting Furnaces and Plants in Europe and America. 
By M. EtssterR, M.Inst.M.M., Author of ‘The Metallurgy of Gold," &c. 
Crown 8vo, 400 pp., with 183 Illustrations, cloth. ‘ ; . . 1216 
“ The numerous metallurgical processes, which are fully and extensively treated of, embrace all the 
stages experienced in the passage of the lead from the various natural states to its issue from the refinery 
as an article of commerce."—Practical Engineer. 
‘““The present volume fully maintains the reputation of the author. Those who wish to obtain a 
thorough insight into the present state of this industry cannot do better than read this volume, and all 
mining engineers cannot fail to find many useful hints and suggestions in it."—Jndusértes. 


METALLIFEROUS MINERALS AND MINING. 
By D.C. Davigs, F.G.S. Sixth Edition, thoroughly Revised and much Enlarged 
by his Son, E. Henry Davigs, M.E., F.G.S. 600 pp., with 173 Illustrations. 
Large crown 8vo, cloth. Net 12/6 
“ Neither the practical miner nor the general reader, interested in mines, can have a better book 
for his companion and his guide."—Mining Journal. 


“As a history of the present state of mining throughout the world this book has a real value, and 
it supplies an actual want."—Athenaum. 


EARTHY AND OTHER MINERALS AND MINING. 
By D. C. Daviess, F.G.S., Author of ‘‘ Metalliferous Minerals,” &c. Third 
Edition, Revised and Enlarged, by his Son, E. Henry Davies, M.E., F.GS. 
With about roo Illustrations. Crown 8vo, cloth . : . 12/6 


“We do not remember to have met with any Enylish work on mining matters that contains the 
same amount of information packed in equally convenient forin."—A cademy. 


BRITISH MINING. 


A Treatise on the History, Discovery, Practical Development, and Future 
Prospects of Metalliferous Mines in the United Kingdom. By Robert Hvnt, 
I. .5., late Keeper of Mining Records. Upwards of 950 pp., with 230 I}ustra- 
tions. Second Edition, Revised. Super-royal 8vo, cloth ‘ . £2 2s. 
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POCKET-BOOK FOR MINERS & METALLURGISTS. 


Comprising Rules, Formule, Tables, and Notes, for Use in Field and Office 
Work. By F. Danvers Power, F.G.S., M.E. Second Edition, Corrected. 
Fcap. 8vo, leather. ‘ : , ’ ‘ : 9/- 


“This excellent book is an admirable example of its kind, and ought to find a large sale amongst 
English-speaking prospectors and mining engineers."—Engineering. 


THE MINER’S HANDBOOK, 


A Handy Book of Reference on the subjects of Mineral Deposits, Mining 
Operations, Ore Dressing, &c. For the Use of Students and others interested in 
Mining matters. Compiled by JouN Mine, F.R.S., Professor of Mining in the 
Imperial University of Japan. Third Edition. Fceap. 8vo, leather . 7/6 


‘Professor Milne's handbook is sure to be received with favour by all connected with mining, and 
will be extremely popular among students.” —A thenaum, 


IRON ORES oF GREAT BRITAIN AND IRELAND: 


Their Mode of Occurrence, Age and Origin, and the Methods of Searching for 
and Working them. With a Notice of some of the Iron Ores of Spain. By 
J. D. Kenpa.t, F.G.S., Mining Engineer. Crown 8vo, cloth . . 16/- 


MINE DRAINAGE. 


A Complete Practical Treatise on Direct-acting Underground Steam Pumping 
Machinery. By STEPHEN MICHELL. Second Edition, Re-written and Enlarged, 
With 250 Illustrations. Royal 8vo, cloth. Net 25/- 
HORIZONTAL PUMPING ENGINES—Rortary anp Noy-Rotary Horizontat ENGINES— 
SIMPLE AND COMPOUND STEAM Pumps—VERTICAL PUMPING ENGINES—Rorary anp Non- 


ROTARY VERTICAL ENGINES—SIMPLE AND COMPOUND STEAM PUMPS—TRIPLE-EXPANSION STEAM 
PuMPS—PULSATING STEAM PuMpS—PuMP VALVES—SINKING Pumps, &c., &c. 


“This volume contains an immense amount of important and interesting new matter. The book 
should undoubtedly prove of great use to all who wish for Information on the subject."—The Engineer. 


ELECTRICITY AS APPLIED TO MINING. 


By ARNOLD Lupton, M.Inst.C.E., M.I.M.E., M.I.E.E., late Professor of Coal 
Mining at the Yorkshire College, Victoria University, Mining Engineer and 
Colliery Manager; G. D. AsPINALL Parr, M.I.E.E., A.M.I.M.E., Associate of 
the Central Technical College, City and Guilds of London, Head of the 
Electrical Engineering Department, Yorkshire College, Victoria University ; 
and HERBERT PERKIN, M.I.M.E., Certificated Colliery Manager, Assistant 
Lecturer in the Mining Department of the Yorkshire College, Victoria University. - 
With about 170 Illustrations. Medium 8vo, cloth. [Just Published. Net 9/- 


(For SUMMARY OF CONTENTS, see page 23.) 


THE COLLIERY MANAGER’S HANDBOOK. 


A Comprehensive Treatise on the Laying-out and Working of Collieries, 
Designed as a Book of Reference for Colliery Managers, and for the Use of 
Coal-Mining Students preparing for First-class Certificates. By CALEB PAMELy, 
Mining Engineer and Surveyor; Member of the North of England Institute of 
Mining and Mechanical Engineers; and Member of the South Wales Institute 
of Mining Engineers. With 7oo Plans, Diagrams, and other Illustrations. 
Fourth Edition, Revised and Enlarged. 964 pp. Medium 8vo, cloth . 25/= 


GEOLOGY.—SEARCH FOR COAL.—MINERAL LEASES AND OTHER HOLDINGS.—SHAFT SINKING.— 
Fittinc Up THE SHAFT AND SURFACE ARRANGEMENTS.—STEAM BOILERS AND THEIR FITTINGS.— 
TIMBERING AND WALLING.—NARROW WorRK AND METHODS OF WoRKING.—UNDERGROUND CONVEY- 
ANCE.— DRAINAGE.—THE GASES MET WITH IN MINES; VENTILATION.—ON THE FRICTION OF AIR IN 
MINES.—THE PRIESTMAN O!L ENGINE; PETROLEUM AND NATURAL GAS.—SURVEYING AND PLAN- 
NING.—SAFETY LAMPS AND FiRE-Damp DETECTORS.—SUNDRY AND INCIDENTAL OPERATIONS AND 
APPLIANCES.—COLLIERY EXPLOSIONS.—MISCELLANEOUS QUESTIONS AND ANSWERS.—A ppendtx : 
SumMMARY OF ReporT oF H.M. COMMISSIONERS ON ACCIDENTS IN MINES. 


‘Mr. Pamely’s work is eminently suited to the purpose for which it is intended—being clear, 
interesting, exhaustive, rich in detail, and up to date, giving descriptions of the latest machines in every 
department. A mining engineer could scarcely go wrong who followed this work.”—Collsery Guardian. 

“Mr. Pamely has not only given us a comprehensive reference book of a very high order, suitable 
to the requirements of mining engineers and colliery managers, but has also provided mining students 
with a class-book that is as interesting as it is instructive."—Colltery Manager. 

‘‘ This is the most complete ‘all-round’ work on coal-mining published in the English language. 
. . . Nolibrary of coal-mining books is complete without it.”"—Colliery Engtneer (Scranton, Pa., U.S.A.). 
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COLLIERY WORKING AND MANAGEMENT. 


Comprising the Duties of a Colliery Manager, the Oversight and Arrangement 
of Labour and Wages, and the different Systems of Working Coal Seams. By 
H. F. Burman and R. A. S. REDMAYNE. 350 pages, with 28 Plates and other 
Illustrations, including Underground Photographs. Medium 8vo, cloth. 185/- 


‘‘ This is, indeed, an admirable Handbook for Colliery Managers, in fact, it is an indispensable 
aciupet to a Colliery Manager's education, as well as being a most useful and interesting work on the 
subject for all who in any way have to do with coal mining. The underground photographs are an 
attractive feature of the work, being very life-like and necessarily true representations of the scenes 
they depict.”—Colliery Guardian. 

‘‘Mr. Bulman and Mr. Redmayne, who are both experienced Colliery Managers of great literary 
ability, are to be congratulated on having supplied an authoritative work dealing with a side of the 
subject of coal mining which has hitherto received but scant treatment. The authors elucidate their 
text by 119 woodcuts and 28 plates, most of the latter being admirable reproductions of photographs 
een underground with the aid of the magnesium flash-light. These illustrations are excellent.”— 

ature. 


COAL AND COAL MINING. 
By the late Sir WarINGTON W. SmytH, M.A., F.R.S., Chief Inspector of the 
Mines of the Crown and of the Duchy of Cornwall. Eighth Edition, Revised 
and Extended by T. Forstzr Brown, Mining and Civil Engineer, Chief 
Inspector of the Mines of the Crown and of the Duchy of Cornwall. Crown 
8vo, cloth . ‘ . ; : ; . 3/6 


‘““As an outline is given of oo known coal-field in this and other countries, as well as of the 
rincipal methods of working, the book will doubtless interest a very large number of readers.”— 
ining Journal. 


NOTES AND FORMULA FOR MINING STUDENTS. 


By JoHN HERMAN MERIVALE, M.A., Late Professor of Mining in the Durham 
College of Science, Newcastle-upon-Tyne. Fourth Edition, Revised and 
Enlarged, by H. F. Burman, A.M.Inst.C.E. Small crown 8vo, cloth . 2/6 


‘‘ The author has done his work in a creditable manner, and has produced a book that will be of 
service to students, and those who are practically engaged in mining operations.” —Engineer. 


INFLAMMABLE GAS AND VAPOUR IN THE AIR 


(The Detection and Measurement of). By Franx CLowgs, D.Sc., Lond., F.1.C. 
With a Chapter on THE DETECTION AND MEASUREMENT OF PETROLEUM VAPODR, 
by Boverton Repwoop, F.R.S.E., Consulting Adviser to the Corporation of 
London under the Petroleum Acts. Crown 8vo, cloth ‘ : . Net &]- 


‘* Professor Clowes has given us a volume on a subject of much industrial importance. i 
Those interested in these matters may be recommended to study this book, which is easy of compre- 
hension and contains many good things."—The Engineer. 


COAL & IRON INDUSTRIES OF THE UNITED KINGDOM. 
Comprising a Description of the Coal Fields, and of the Principal Seams of Coal, 
with Returns of their Produce and its Distribution, and Analyses of Special 
Varieties. Also, an Account of the Occurrence of Iron Ores in Veins or Seams; 
Analyses of each Variety ; and a History of the Rise and Progress of Pig Iron 
Manufacture. By RICHARD MEADE. 8vo,cloth . ., ‘ . 28 


“Of this book we may unreservedly say that it is the best of its class which we have ever met... . 
A book of reference which no one engaged in the iron or coal trades should omit from his library."— 
Iron and Coal Trades’ Review. 


ASBESTOS AND ASBESTIC. 


Their Properties, Occurrence, and Use. By Rospert H. jongs, F.S.A., 
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, Canada. With Ten 
Collotype Plates and other Illustrations. Demy 8vo, cloth . ‘ . 16/- 
“An interesting and invaluable work.”—Colliery Guardian. 


GRANITES AND OUR GRANITE INDUSTRIES. 


By GreorGE F. Harris, F.G.S. With Illustrations. Crown 8vo, cloth. 2/6 


TRAVERSE TABLES. 


For use in Mine Surveying. By Wicciam Lintern, C.E. With two Pilates. 
Small crown 8vo, cloth. [Just Published. Net 3]= 
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ELECTRICITY, ELECTRICAL 
ENGINEERING, ETC. 


THE ELEMENTS OF ELECTRICAL ENGINEERING. 


A First Year's Course for Students. By Tyson SEWELL, A.I.E.E., Assistant 
Lecturer and Demonstrator in Electrical Engineering at the Polytechnic, Regent 
Street, London. With upwards of 200 Illustrations. Demy 8vo, cloth. 
[ Just Published. Net 7/6 
Ounn's Law.—Units Ewmprtovep in ELectTRICAL ENGINEERING.— SERIES AND PARALLEL 
Circuits; CURRENT DENSITY AND POTENTIAL Drop IN THE CIRCUIT.—THE HEATING EFFECT OF 
THE ELectTrRic CURRENT.—THE MAGNETIC EFFECT OF AN ELecTRIC CURRENT.—THE MAGNETISA- 
TION OF IJTRON.— ELECTRO-CHEMISTRY ; "PRIMARY BATTERIES. — ACCUMULATORS. — INDICATING 
INSTRUMENTS; AMMETERS, VOLTMETERS, OHMMETERS.—ELECTRICITY SUPPLY METERS.—MEASURING 
INSTRUMENTS, AND THE MEASUREMENT OF ELECTRICAL RESISTANCE.— MEASUREMENT OF POTENTIAL 
DIFFERENCE, CAPACITY, CURRENT STRENGTH, AND PERMEABILITY.—ARC LAMps.—INCANDESCENT 


Lamps; MANUFACTURE AND INSTALLATION; PHOTOMETRY.—THE CONTINUOUS CURRENT DyNAMo. 
—Drrect CURRENT Morors. 


“An excellent treatise for students of the elementary facts connected with electrical 
engineering.” —The Electrician. 


‘* Distinctly one of the best books for those ccmmencing the study of electrical engineering. 


pune is explained in simple language which even a beginner cannot fail to understand."—T 
ngeneer. 


‘‘One welcomes this book, which is sound in its treatment, and admirably calculated to give 
students the knowledge and information they most require."—Nature. 


CONDUCTORS FOR ELECTRICAL DISTRIBUTION. 


Their Materials and Manufacture, The Calculation of Circuits, Pole-Line Con- 
struction, Underground Working, and other Uses. By F. A. C. PERRINE, A.M., 
D.Sc.; formerly Professor of Electrical Engineering, Leland Stanford, Jr., 
University; Member American Institute Electrical Engineers. Demy 8vo, 
cloth. [Just Published. Net 20/= 


ConpDucTOoR MATERIALS—ALLOYED CONDUCTORS—MANUFACTURE OF W1RE—WIRE-FINISHING— 
Wire INSULATION—CABLES—CALCULATION OF CircUITS—KELvVin's Law or Economy 1n Conpuc- 
TORS—MULTIPLE ARC DISTRIBUTION—ALTERNATING CURRENT CALCULATION—OVERHEAD LINES— 
PoLe LinE—LINE INSULATORS—UNDERGROUND CONDUCTORS. 


ARMATURE WINDINGS OF DIRECT CURRENT DY- 


Extension and Application of a General Winding Rule. By E. ARNOLD, 
Engineer. Assistant Professor in Electrotechnics and Machine Design at the 
Riga Polytechnic School. Translated from the Original German by FRANCIs 
B. De Gress, M.E., Chief of Testing Department, Crocker- Wheeler Company. 
With 146 Illustrations. Medium 8vo, cloth. [ Just Published. Net 12/= 


ELECTRICITY AS APPLIED TO MINING. 


By ArRnotp Lupton, MInst.C.E., M.I.M.E., M.I.E.E., late Professor of 
Coal Mining at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager; G. D. Aspinact Parr, M.I.E.E., A.M.I.M.E., 
Associate of the Central Technical College, City and Guilds of London, Head 
of the Electrical Engineering Department, Yorkshire College, Victoria Univer- 
sity; and HERBERT Perkin, M.I.M.E., Certificated Colliery Manager, 
Assistant Lecturer in the Mining Department of the Yorkshire College, Victoria 
University. With about 170 Illustrations. Medium 8vo, cloth. 

[ Just Published. Net Qj- 


IntRopucToryY.—DyNnaMic ELEcTRICITY.—DRIvVING OF THE DyNAMO.—THE STEAM TURBINE. 
DISTRIBUTION OF ELECTRICAL ENERGY.-~STARTING AND STOPPING ELECTRICAL GENERATORS AND 
Motors. —EcectTric CABLES.—CENTRAL ELECTRICAL PLANTS.—ELECTRICITY APPLIED TO PUMPING 
AND HacuinG.—ELectTRiciTyY APPLIED TO CoaL-CUTTING.-—TYPICcAL ELEcTRIC PLANTS RECENTLY 
ErREcCTED.—ELeEcTRIC LIGHTING BY ARC AND Grow LAMPS.--MISCELLANEOUS APPLICATIONS OF 
EvectTRIc!ITy.—ELEcTRICITY AS COMPARED WITH OTHER MODES OF TRANSMITTING POWER.— 
DANGERS OF ELECTRICITY. 
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DYNAMO ELECTRIC MACHINERY: ITS CONSTRUCTION, 


DESIGN, AND OPERATION. 
By Samuet SuHeEvpon, A.M., Ph.D., Professor of Physics and Electrical 
Engineering at the Polytechnic Institute of Brooklyn, assisted by Hobart 
Mason, B.S. 
In two volumes, sold separately, as follows :— 


Vol. 1—DIRECT CURRENT MACHINES, Third Edition, Revised. Large 
Crown 8vo. 280 pages, with 200 Illustrations. 

[ Just Published. Net 12j= 

Vol. I.—_ALTERNATING CURRENT MACHINES. Large Crown 8vo. 

260 pages, with 184 Illustrations. [ Just Published. Net 12j= 


4@ Designed as Text-books for use in Technical Educational Institutions, and by Engineers whose 
work includes the handling of Direct and Alternating Current Machines respectively, and for 
Students proficient in mathematics. 


ELECTRICAL AND MAGNETIC CALCULATIONS. 


For the Use of Electrical Engineers and Artisans, Teachers, Students, and all 

others interested in the Theory and Application of Electricity and Magnetism. 

By A. A. Atkinson, Professor of Electricity in Ohio University. Crown 8vo, 

cloth. [ Just Published. Net Q/- 

‘‘To teachers and those who already possess a fair knowledge of their subject we can recommend 

this book as being useful to consult when requiring data or formulz which it is neither convenient 
nor necessary to retain by memory.”—The Electrician. 


HANDBOOK FOR THE USE OF ELECTRICIANS 


In the Operation and Care of Electrical Machinery and Apparatus of the U. S. 
Sea-coast Defences. By Gro. L. ANDERSON, A.M., Captain U. S. Artillery. 
Prepared under the direction of the Lieutenant-General Commanding the 
Army. Royal 8vo, cloth. ( Just Published. Net 21j= 


SUBMARINE TELEGRAPHS. 
Their History, Construction and Working. Founded in part on WUNSCHEN- 
porFF's ‘' Traité de Télégraphie Sous Marine," and Compiled from Authoritative 
and Exclusive Sources. By CHARLES BriGur, F.R.S.E.,A.M.Inst.C.E., M.LE.E. 
780 pp., fully illustrated, including maps and folding plates. Royal 8vo, cloth. 


Net £3 3s. 
“There are few, if any, persons more fitted to write a treatise on submarine telegraphy than Mr. 
Charles Bright. He has done his work admirably, and has written in a way which will a as 


much to the Jayman as to the engineer. This admirable volume must for many years to come hold the 
position of the English classic on submarine telegraphy."—Engineer. 
“ This book is full of information. It makes a book of reference which should be in every engineer's 


library."—Nature. 

“Mr. Bright's interestingly written and admirably illustrated book will meet with a welcome 
reception from cable men.”—Electrician. 

“The Author deals with his subject from all points of view—political and strategical as well as 
scientific—the work will be of interest not only to men of science, but to the general public. We can 
strongly recommend it.”—A thenaum. 


THE ELECTRICAL ENGINEER’S POCKET-BOOK. 
Consisting of Modern Rules, Formulz, Tables, and Data. By H. R. Kemps, 
M.I.E.E., A.M.Inst.C.E., Technical Officer, Postal Telegraphs, Author of 
‘‘A Handbook of Electrical Testing,” &c. Second Edition, Thoroughly Revised, 
with Additions. With numerous Illustrations. Royal 32mo, oblong, leather 5/- 

“Tt is the best book of its kind."—Electrical Engineer. 


“The Electrical Engineer's Pocket-Book is a good one."—Electrician. 
“Strongly recommended to those engaged in the electrical industries."—Electrical Review. 


POWER TRANSMITTED BY ELECTRICITY. 


And applied by the Electric Motor, including Electric Railway Construction. 
By P. Atkinson, A.M., Ph.D. Third Edition, fully Revised, and New Matter 
added. With gq Illustrations. Crown 8vo, cloth. Net Q/e 


DYNAMIC ELECTRICITY AND MAGNETISM. 


By PHitip ATKINSON, A.M., Ph.D., Author of ‘‘ Elements of Static Electricity," 
&c. Crown 8vo, 417 pp., with 120 Illustrations, cloth . ; : . 10/6 


ELECTRICITY, ELECTRICAL ENGINEERING, &e. 25 


THE MANAGEMENT OF DYNAMOS. 


A Handybook of Theory and Practice for the Use of Mechanics, Engineers, 
Students and others in Charge of Dynamos. By G. W. LuMMis-PATERSON. 
Third Edition, Revised. Crown 8vo, cloth. - [Just Published. 4/6 
‘‘An example which deserves to be taken as a model by other authors. The subject {s treated in a 


manner which any Intelligent man who is fit to be entrusted with charge of an engine should be able to 
understand. It is a useful book to all who make, tend or employ clectric machinery."—A rchttect. 


THE STANDARD ELECTRICAL DICTIONARY. 
A Popular Encyclopedia of Words and Terms Used in the Practice of Electrical 


Engineering. Containing upwards of 3,000 Definitions. By T. O'CoNnor SLOANE, 
A.M., Ph.D. Third Edition, with Appendix. Crown 8vo, 690 pp., 390 
Illustrations, cloth. [Just Published. Net 7/6 


“The work has many attractive features in it, and is, beyond doubt, a well put together and useful 
publication. The amount of ground covered may be gathered from the fact that in the index about 
§,000 references will be found.”—Electrical Review. 


ELECTRIC LIGHT FITTING. 
A Handbook for Working Electrical Engineers, embodying Practical Notes on 
Installation Management. By J. W. Urguuarr, Electrician, Author of ‘‘Electric 
Light,”” &c. With numerous Illustrations. Third Edition, Revised, with 
Additions. Crown 8vo, cloth . : : : ‘ : ' 5/= 


“This volume deals with the mechanics of electric lighting, and is addressed to men who are 
already engaged in the work, or are training for it. The work traverses a great deal of ground, and 
may be read as a sequel to the author's useful work on ‘ Electric Light.’ "—Electrician. 

‘* The book is well worth the perusal of the workman, for whom it is written."—Electrical Review. 


ELECTRIC LIGHT. 


Its Production and Use, Embodying Plain Directions for the Treatment of 
Dynamo-Electric Machines, Batteries, Accumulators, and Electric Lamps. By 
J. W. Urgunart, C.E. Sixth Edition, Enlarged. Crown 8vo,cloth . 7/6 


‘‘The whole ground of electric lighting is more or less covered and explained in a very clear and 
concise manner."—Electrical Review. 
‘*A vade-mecum of the salient facts connected with the science of electric lighting."—Electrician. 


DYNAMO CONSTRUCTION. 


A Practical Handbook for the Use of Engineer Constructors and Electricians-in- 
Charge. Embracing Framework Building, Field Magnet and Armature Winding 
and Grouping, Compounding, &c. By J. W. Urgunart. Second Edition, 
Enlarged. With 114 Illustrations. Crown 8vo, cloth . : : . 2/6 


“Mr. Urquhart’s book is the first one which deals with these matters in such a way that the 
engineering student can understand them. The book is very readable, and the author leads his readers 
up to difficult subjects by reasonably simple tests."—Engineering Review. 


ELECTRIC SHIP-LIGHTING. 


A Handbook on the Practical Fitting and Running of Ship's Electrical Plant. 
For the Use of Shipowners and Builders, Marine Electricians, and Sea-going 
Engineers in Charge. By J. W. UrguHart, C.E. Second Edition. Revised 
and Extended. With 88 Illustrations, crown 8vo, cloth . : ‘ 7/6 


“The subject of ship electric li nee is one of vast importance, and Mr. Urquhart is to be highly 
complimented for placing such a valuable work at the service of marine electricians."—The Steamship. 


ELECTRIC LIGHTING (ELEMENTARY PRINCIPLES OF). 
By ALAN A. CAMPBELL Swinton, M.Inst.C.E., M.I.E.E. Fourth Edition, 
Revised. With Sixteen Illustrations. Crown 8vo, cloth ‘ : , 1/6 


ELECTRIC LIGHT FOR COUNTRY HOUSES. 
A Practical Handbook on the Erection and Running of Small Installations, with 
Particulars of the Cost of Plant and Working. By J. H. Knicur. Third 
Edition, Revised. Crown 8vo, wrapper. [Just Published. 1l= 
HOW TO MAKE A DYNAMO. 
A Practical Treatise for Amateurs. Containing Illustrations and Detailed 
Instructions for Constructing a Small Dynamo to Produce the Electric Light. 
By ALFRED Crorts. Sixth Edition, Revised. Crown 8vo, cloth ’ 2/\- 


THE STUDENT’S TEXT-BOOK OF ELECTRICITY. 
By H.M.Noap,F.R.S. 650pp., with 470 Illustrations. Crown 8vo, cloth. Q/= 
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ARCHITECTURE, BUILDING, ETC. 


PRACTICAL BUILDING CONSTRUCTION. 


A Handbook for Students Preparing for Examinations, and a Book of Reference 
for Persons Engaged in Building. By JoHN PARNELL ALLEN, Surveyor, 
Lecturer on Building Construction at the Durham College of Science, Newcastle- 
on-Tyne. Third Edition, Revised and Enlarged. Medium 8vo, 450 pages, with 
1,000 I}lustrations, cloth . : ‘ ; ‘ . : : 7/6 


“The most complete exposition of building construction we have seen. It contains all that is 
necessary to prepare students for the various examinations in building construction.”—Buslding News. 

‘The author depends nearly as much on his diagrams as on his type. The pages suggest the 
hand of a man of experience in building operations—and the volume must be a blessing to many 
teachers as well as to students.” —The Architect. 

“The work is sure to prove a formidable rival to great and small competitors alike, and bids fair 
to take a permanent place as a favourite student's text-book. The large number of illustrations deserve 
particular mention for the great merit they possess for purposes of reference, in exactly corresponding 
to convenient scales.”—Jour. Inst. Brit. Archts. 


PRACTICAL MASONRY. 


A Guide to the Art of Stone Cutting. Comprising the Construction, Setting-out, 
and Working of Stairs, Circular Work, Arches, Niches, Domes, Pendentives, 
Vaults, Tracery Windows, &c. For the Use of Students, Masons, and other Work- 
men. By WILLIAM R. Purcnase, Building Inspector to the Borough of Hove. 
Third Edition, with Glossary of Terms. Royal 8vo, 142 pages, with 52 Litho- 
graphic Plates, comprising 400 separate Diagrams, cloth : . 7/6 
“Mr. Purchase’s ‘ Practical Masonry’ will undoubtedly be found useful to all interested in this 
important subject, whether theoretically or practically. Most of the examples given are from actual 
work carried out, the diagrams being carefully drawn. The book is a practical treatise on the subject, 
the author himself having commenced as an operative mason, and afterwards acted as foreman mason 
on many large and important buildings prior to the attainment of his present position. It should be 


found of general utility to architectural students and others, as well as to those to whom it is specially 
addressed."—Journal of the Royal Institute of British Architects. 


MODERN PLUMBING, 
STEAM AND HOT WATER HEATING. 


A New Practical Work for the Plumber, the Heating Engineer, the Architect, 
and the Builder. By J. J. Lawrer, Author of ‘‘American Sanitary Plumbing,” 
&c. With 284 Illustrations and Folding Plates. 4to, cloth. . . Net 21a 


CONCRETE: ITS NATURE AND USES. 


A Book for Architects, Builders, Contractors, and Clerks of Works. By GrorGE 
L. SutcLirFE, A.R.I.B.A. 350 pages, with Illustrations. Crown 8vo, cloth 7/6 


“The author treats a difficult subject in a lucid manner. The manual fills a long felt gap. It is 
careful and exhaustive; equally useful as a student’s guide and an architect's book of reference."— 
Journal of Royal Inststute of British Architects. 


LOCKWOOD’S BUILDER’S PRICE BOOK FOR 1903. 


A Comprehensive Handbook of the Latest Prices and Data for Builders, 
Architects, Engineers, and Contractors. Re-constructed, Re-written, and 
Greatly Enlarged. By Francis T. W. MILLER. 800 closely-printed pages, 


crown 8vo, cloth. [ Just Published. 4J~= 
“ This book is a very useful one, and should find a place in every English office connected with the 
building and engineering professions."—IJndustries. ‘‘ An excellent book of reference.”—A rchitect. 


‘In its new and revised form this Price Book is what a work of this kind should be—comprehensive, 
reliable, well arranged, Icgible, and well bound."—British Architect. 


DECORATIVE PART OF CIVIL ARCHITECTURE. 


By Sir WILL1AM CHamBERS, F.R.S. With Portrait, Illustrations, Notes, and an 
EXAMINATION OF GRECIAN ARCHITECTURE, by poe Gwitt, F.S.A. Revised 
and Edited by W. H. Leeps. 66 Plates, 4to, cloth . ; i j . 21 
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THE MECHANICS OF ARCHITECTURE. 


A Treatise on Applied Mechanics, especially Adapted to the Use of Architects. 
By E. W. Tarn, M.A., Author of ‘‘The Science of Building,’ &c. Second 
Edition, Enlarged. Illustrated with 125 Diagrams. Crown 8vo, cloth . 7/6 


‘The book is a very useful and helpful manual of architectural mechanics.”—Builder. 


A HANDY BOOK OF VILLA ARCHITECTURE. 


Being a Series of Designs for Villa Residences in various Styles. With Outline 
Specifications and Estimates. By C. Wickes, Architect, Author of ‘‘ The Spires 
and Towers of England,’’ &c. 61 Plates, 4to, half-morocco, giltedges £1 118.6d. 


“The whole of the designs bear evidence of their being the work of an artistic architect, and they 
will prove very valuable and suggestive."—Buslding News. 


THE ARCHITECT’S GUIDE. 


Being a Text-book of Useful Information for Architects, Engineers, Surveyors, 
Contractors, Clerks of Works, &c., &c. By F. RoGers. Crown 8vo, cloth 3/6 


ARCHITECTURAL PERSPECTIVE. 


The whole Course and Operations of the Draughtsman in Drawing a Large 
House in Linear Perspective. Illustrated by 43 Folding Plates. By F. O. 
FerGuson. Third Edition. 8vo, boards. [Just Published. 3/6 


“It is the most intelligible of the treatises on thie ill-treated subject that I have met with."— 
E. INcrRess BEtt, Esq., in the R.I.B.A. Journal. 


PRACTICAL RULES ON DRAWING. 


For the Operative Builder and Young Student in Architecture. By GEORGE 
Pyne. 14 Plates, 4to, boards. . ; ; ; ‘ ; ‘ . 7/6 


MEASURING AND VALUING ARTIFICERS’ WORK 


(The Student’s Guide to the Practice of). Containing Directions for taking 
Dimensions, Abstracting the same, and bringing the Quantities into Bill, with 
Tables of Constants for Valuation of Labour, and for the Calculation of Areas 
and Solidities. Originally edited by E. Dosson, Architect. With Additions by 
E. W. Tarn, M.A. Seventh Edition, Revised. With 8 Plates and 63 Woodcuts. 
Crown 8vo, cloth ; : . . : 7/6 


** This edition will be found the most co:nplete treatise on the principles of measuring and valuing 
artificers’ work that has yet been published."—Building News. 


TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 


For Builders and Surveyors. Containing Technical Directions for oe 
Work in all the Building Trades, Complete Specifications for Houses, Roads, an 
Drains, and an Easy Method of Estimating the parts of a Building collectively. 


By A.C. Beaton. Ninth Edition. Waistcoat-pocket size, gilt edges . 1/6 
‘*No bullder, architect, survey6Sr, or valuer should be without bis ‘ Beaton.'"—Building News. 
SPECIFICATIONS 


FOR PRACTICAL ARCHITECTURE. 
A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay on 
the Structure and Science of Modern Buildings. Upon the Basis of the Work 
by ALFRED BARTHOLOMEW, thoroughly Revised, Corrected, and greatly added 
to by FREDERICK Rocers, Architect. Third Edition, Revised. 8vo, cloth 15/« 


“The work Is too well known to need any recommendation from us. It is one of the books with 
which every young architect must be equipped.”—A rchitect. 


THE HOUSE-OWNER’S. ESTIMATOR. 
Or, What will it Cost to Build, Alter, or Repair? A Price Book for Unpro- 
fessional People, as well as the Architectural Surveyor and Builder. By J. D. 
SIMON. Edited by F. T. W. Mitver, A.R.I.B.A. Fifth Edition, carefully 
Revised. Crown 8vo, cloth. Net 3/6 


*‘In two years it will repay its cost a hundred times over."—Field. 
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SANITATION AND WATER SUPPLY. 


THE HEALTH OFFICER’S POCKET-BOOK. 
A Guide to Sanitary Practice and Law. For Medical Officers of Health, 
Sanitary Inspectors, Members of Sanitary Authorities, &c. By Epwarp F. 
WILLouGHBY, M.D. (Lond.), &c. Second Edition, Revised and Eniarged. 
Fcap. 8vo, leather. [Just Published. Net 10/6 


‘It is a mine of condensed information of a pertinent and useful kind on the various subjects of 
walen it treats. The different subjects are succinctly but fully and scientifically dealt with.” —T he 
ancet. 
‘“We recommend all those engaged in practical sanitary work to furnish themselves with a copy 
for reference."—Sanitary Journal. 


THE BACTERIAL PURIFICATION OF SEWAGE: 


Being a Practical Account of the Various Modern Biological Methods of 
Purifying Sewage. By Sipney Barwisz, M.D. (Lond.), D.P.H. (Camb.), &c. 
With ro Page Plates and 2 Folding Diagrams. Royal 8vo, cloth. Net 6/0 


THE PURIFICATION OF SEWAGE. 
Being a Brief Account of the Scientific Principles of Sewage Purification, and 
their Practical Application. By Sipngzy Barwise, M.D. (Lond.), M.R.C.S., 
D.P.H. (Camb.), Fellow of the Sanitary Institute, Medical Officer of Health to 
the Derbyshire County Council. Crown 8vo, cloth. ‘ ; 5/- 


WATER AND ITS PURIFICATION. 


A Handbook for the Use of Local Authorities, Sanitary Officers, and others 
interested in Water Supply. By S. Ripeat, D.Sc., Lond., F.I.C. Second Edition, 
Revised, with Additions, including numerous Illustrations and Tables. Large 
crown 8vo, cloth. Net Q/a 


RURAL WATER SUPPLY. 


A Practical Handbook on the Supply of Water and Construction of Waterworks 
for Small Country Districts. By ALLAN GREENWELL, A.M.I.C.E., and W. T. 
Curry, A.M.I.C.E. Revised Edition. Crown 8vo, cloth : , , 5/- 


THE WATER SUPPLY OF CITIES AND TOWNS. 
By Wiri1aAM Homser, A.M. Inst.C.E., and M.Inst.M.E. Imp. ato, half-bound 
morocco. (Seepage ir) . : : . [Net £6 6s. 


THE WATER SUPPLY OF “TOWNS” 
AND THE CONSTRUCTION OF WATER-WORKS. 


By Professor W. K. Burton, A.M.Inst.C.E. Second Edition, Revised and 
Extended. Royal 8vo, cloth. (See page ro) . : £1 5s. 


WATER ENGINEERING. 


A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisation 


of Water for the Supply of Towns. By C. Stace, A.M.Inst.C.E. . 7/6 
SANITARY WORK IN SMALL TOWNS AND ve 

By Cuarves Sracc, A.M. Inst.C.E. Crown 8vo,cloth . . . 3/- 
PLUMBING. 


A Text-Book to the Practice of the Art or Craft of the Plumber. By W. P. 
BucHaNn. Ninth Edition, Enlarged, with 500 Illustrations. Crown 8vo 3/6 


VENTILATION. 


A Text-Book to the Practice of the Art of Venuevng, eee By W. P. 
Bucuan, R.P. Crown 8vo, cloth . . 3/6 


: CARPENTRY, TIMBER, &c. 29 


CARPENTRY, TIMBER, ETC. 
THE ELEMENTARY PRINCIPLES OF CARPENTRY. 


A Treatise on the Pressure and Equilibrium of Timber Framing, the Resistance 
of Timber, and the Construction of F loors, Arches, Bridges, Roofs, Uniting Iron 
and Stone with Timber, &c. To which is added an Essay on the Nature and 
Properties of Timber, &c., with Descriptions of the kinds of Wood used in 
Building; also numerous Tables of the Scantlings of Timber for different 
purposes, the Specific Gravities of Materials, &€. By THomas TREDGOLD, C.E. 
With an Appendix of Specimens of Various Roofs of Iron and Stone, Illustrated. 
Seventh Edition, thoroughly Revised and considerably Enlarged by E.WynpDHAM 
Tarn, M.A., Author of ‘‘The Science of Building,’’ &c. With 61 Plates, 
Portrait of the Author, and several Woodcuts. In One large Vol., 4to, cloth. 


£1 Ss. 
“Ought to be in every architect's and every builder's library.”—Buslder. 
‘A work whose monumental excellence must commend it wherever skilful carpentry is concerned. 
The author's principles are rather confirmed than impaired by time. The additional plates are of great 
intrinsic value."—Buslding News. 


WOODWORKING MACHINERY. 


Its Rise, Progress, and Construction. With Hints on the Management of Saw 
Mills and the Economical Conversion of Timber. Illustrated with Examples of 
Recent Designs by leading English, French, and American Engineers. By M. 
Powis Bae, A.M.Inst.C.E., M.I.M.E. Second Edition, Revised, with large 
Additions, large crown 8vo, 440 pp., cloth . ; 9.- 


‘‘Mr. Bale is evidently an expert on the subject, and he has éoliectedss 80 salieh iafocnation that his 
book ts all-sufficient for builders and others enpaged in the conversion of timber."—A rchstect. 

‘“‘The most comprehensive compendium of wood-working machinery we have seen. The author is 
a thorough master of his subject."—Buiding News. 


SAW MILLS. 


Their Arrangement and Management, and the Economical Conversion of Timber. 

(A Companion Volume to ‘‘ Woodworking Machinery.) By M. Powis BALE, 

A.M.Inst.C.E. Second Edition, Revised. Crown 8vo, cloth ‘ . 10/6 

“The administration of a large sawing establishment is discussed, and the subject examined from a 

financial standpoint. Hence the size, shape, order, and disposition of saw-mills and the like are gone 

into in detail, and the course of the timber is traced from its reception to its delivery in its converted 
state. We could not desire a more complete or practical treatise."— Builder. 


THE CARPENTER’S GUIDE. 


Or, Book of Lines for Carpenters; comprising all the Elementary Principles. 
essential for acquiring a knowledge of Carpentry. Founded on the late PETER 
NIcHOLson’s standard work. A New Edition, Revised by ARTHUR ASHPITEL, 
F.S.A. Together with Practical Rules on Drawing, by Gzorce Pyne. With 
74 Plates, 4to, cloth . é i is. 


A PRACTICAL TREATISE ON HANDRAILIN G. 


Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing 
the Moulds, Bevelling, Jointing-up, and Squaring the Wreath. By GgorGE 
CoLitinGs. Second Edition, Revised and Enlarged, to which is added A 
TREATISE ON STAIR-BUILDING. With Plates and Diagrams. 12mo,cloth 2/6 


“Will be found of practical utility in the execution of this difficult branch of joinery.”—Buslder. 
“ Almost every cult phase of this somewhat intricate branch of joinery is elucidated by the aid 
of plates and explanatory letterpress."—Furniture Gazette. 


CIRCULAR WORK IN CARPENTRY AND JOINERY. 
A Practical Treatise on Circular Work of Single and Double Curvature. By 
GEORGE Cotiincs. With Diagrams. Third Edition, 12mo, cloth. . 2'6 


An excellent example of what a book of this kind should be. Cheap in price, clear in definition, 
and practical in the examples selected."—Buslder. 


THE CABINET-MAKER’S GUIDE 
TO THE ENTIRE CONSTRUCTION OF CABINET WORK. 


Including Veneering, Marquetrie, Buhlwork, Mosaic, Inlaying, &c. By RicHarp 
BITMEAD. Illustrated with Plans, Sections, and Working Drawings. Crown 8vo, 
cloth . ‘ ; ; ‘ : ‘ ; : ; : ; : . 2/6 
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HANDRAILING COMPLETE IN EIGHT LESSONS. 


On the Square-Cut System. By J. S. Go_tptHorp, Teacher of Geometry and 
Building Construction at the Halifax Mechanics’ Institute. With Eight Plates 
and over 150 Practical Exercises. 4to, cloth . : ; 3/6 


“ Likely to be of considerable value to joiners and others who take a pride in good work. The 
arrangement of the book is excellent. We heartily commend it to teachers and students.”—Tsmber 
Trades Journal. 


TIMBER MERCHANT'S & BUILDER’S COMPANION. 


Containing New and Copious Tables of the Reduced Weight and Measurement 
of Deals and Battens, of all sizes, and other useful Tables for the use of 
Timber Merchants and Builders. By Witxt1am Dowsinc. Fourth Edition, 
Revised and Corrected. Crown 8vo, cloth ‘ 3. 


‘We are glad to see a fourth edition of these admirable tables, which for correctness and simplicity 
of arrangement Icave nothing to be desired."—Timber Trades Journal. 


THE PRACTICAL TIMBER MERCHANT. 


Being a Guide for the use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the Timber Trade, 
Marks of Wood, Essay on the Strength of Timber, Remarks on the Growth of 
Timber, &c. By W. Ricuarpson. Second Edition. Fcap. 8vo,cloth. 3/6 


“This handy manual contains much valuable information for the use of timber merchants, builders, 
foresters, and all others connected with the growth, sale, and manufacture of timber.”—Journal of 
Forestry. 


PACKING-CASE TABLES. 


Showing the number of Superficial Feet in Boxes or Packing-Cases, from six 
inches square and upwards. By W. RicHarpson, Timber Broker. Third 
Edition. Oblong 4to, cloth ; ; 3/6 


“ Invaluable labour-saving tables."—Ironmonger. 
‘Will save much labour and calculation.”—Grocer. 


GUIDE TO SUPERFICIAL MEASUREMENT. 


Tables calculated from 1 to 200 inches in length, by 1 to 108 inches in breadth. 
For the use of Architects, Surveyors, Engineers, Timber Merchants, Builders, 
&c. By James HawkinGs. Fifth Edition. Feap., cloth : : . 86 


‘‘ These tables will be found of great assistance to all who require to make calculations in superficial 
aneasurement."—English Mechansc. 


PRACTICAL FORESTRY. 


And its Bearing on the Improvement of Estates. By CuHarLes E. Curtis, 
F.S.I., Professor of Forestry, Field Engineering, and General Estate Manage- 
ment, at the College of Agriculture, Downton. Second Edition, Revised. 
Crown 8vo, cloth ‘ : : : ; : : ; 5 . 3/6 
PREFATORY REMARKS.—OBJECTS OF PLANTING.—CHOICE OF A FORESTER.—CHOICE OF SOIL AND 
Site.—LayinGc Out or LAND FOR PLANTATIONS.—PREPARATION OF THE GROUND FOR PLANTING.— 
DRAINAGE.—PLANTING.—DISTANCES AND DISTRIBUTION OF TREES IN PLANTATIONS.—TREES AND 
GROUND GAME.—ATTENTION AFTER PLANTING.—THINNING OF PLANTATIONS.—PRUNING OF FOREST 
TREES.—-REALIZATION.—METHODS OF SALE.—MEASUREMENT OF TIMBER.—MEASUREMENT AND 
VALUATION OF LARCH PLANTATION.—FiIRE LINES.—CosT OF PLANTING. 
“Mr. Curtis has in the course of a series of short pithy chapters afforded much information of a 
eeu a practical character on the planting and subsequent treatment of trees."—Jl/ustrated Carpenter 
an usider. 


THE ELEMENTS OF FORESTRY. 


Designed to afford Information concerning the Planting and Care of Forest 
Trees for Ornament or Profit, with suggestions upon the Creation and Care of 
Woodlands. By F. B. Houcu. Large crown 8vo, cloth : : - 10 


TIMBER IMPORTER’S, TIMBER MERCHANT'S, 
AND BUILDER’S STANDARD GUIDE. | 
By Ricuarp E. Granpy. Comprising:—An Analysis of Deal Standards, Home 
and Foreign, with Comparative Values and Tabular Arrangements for fixing Net 
Landed Cost on Baltic and North American Deals, including all intermediate 
Expenses, Freight, Insurance, &c. &c.; together with copious Information for 
the Retailer and Builder. Third Edition, Revised. 12mo, cloth . ’ 2- 


‘‘Everything it pretends to be: built up gradually, it leads one from a forest to a treenail,and throws 
in, as a makeweight, a host of material concerning bricks, columns, cisterns, &c.”—English Mechanic. 
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DECORATIVE ARTS, ETC. 


SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES. 


As Taught and Practised by A. R. VAN per Bure and P. VAN DER Bora, 
Directors of the Rotterdam Painting Institution. Royal folio, 18} by 12} in., 
Illustrated with 24 full-size Coloured Plates; also 12 plain Plates, comprising 
154 Figures. Fourth Edition, cloth. [ Just Published. Net 268. 


List oF PLATES. 


1. Vartous Toots REygvuireD FOR Woop PAINTING.—2, 3. WALNUT; PRELIMINARY STAGES OF 
GRAINING AND FINISHED SPECIMEN.—4. TOOLS USED FOR MARBLE PAINTING AND METHOD OF 
MANIPULATION.—5, 6. St. REMr MARBLE; EARLIER OPERATIONS AND FINISHED SPECIMEN.— 
7. METHODS OF SKETCHING DIFFERENT GRAINS, Knots, &c.—8, 9. ASH: PRELIMINARY STAGES AND 
FINISHED SPECIMEN.—I0. METHODS OF SKETCHING MARBLE GRAINS.—II, 12. BRECHE MARBLE; 
PRELIMINARY STAGES OF WORKING AND FINISHED SPECIMEN.—13. MAPLE ; METHODS OF PRODUCING 
THE DIFFERENT GRAINS.—14, 15. Birp’s-Eyg MAPLE; PRELIMINARY STAGES AND FINISHED 
SPFCIMEN.—16, METHODS OF SKETCHING THE DIFFERENT SPECIES OF WHITE MARBLE.—17, 18. 
WHITE MARBLE; PRELIMINARY STAGES OF PROCESS AND FINISHED SPECIMEN.—19. MAHOGANY ; 
SPECIMEN OF VARIOUS GRAINS AND METHODS OF MANIPULATION.—20, 21. MAHOGANY; EARLIER 
STAGES AND FINISHED SPECIMEN.—22, 23, 24. SIENNA MARBLE ; VARIETIES OF GRAIN, PRELIMINARY 
STAGES AND FINISHED SPECIMEN.—25, 26, 27. JUNIPER Woop; METHODS OF PRODUCING GRAIN, 
&c. ; PRELIMINARY STAGES AND FINISHED SPECIMEN.—28, 29, 30. VERT DE MER MARBLE; VARIETIES 
OF GRAIN AND METHODS OF WORKING, UNFINISHED AND FINISHED SPECIMENS.—3!, 32, 33. OAK; 
VARIETIES OF GRAIN, TOOLS EMPLOYED AND METHODS OF MANIPULATION, PRELIMINARY STAGES 
AND FINISHED SPECIMEN.—34, 35, 36. WAULSORT MARBLE; VARIETIES OF GRAIN, UNFINISHED AND 
FINISHED SPECIMENS. 


“Those who desire to attain skill in the art of painting woods and marbles will find advantage in 
consulting this book. . . . Some of the Working Men's Clubs should give their young men the 
opportunity to study it."—Builder. 

‘““A comprehensive guide to the art. The explanations of the processes, the manipulation and 
management of the colours, and the beautifully executed plates will not be the least valuable to the 
student who aims at making his work a faithful transcript of nature."—Building News. 
eae and novices are fortunate who are able to become the possessors of so noble a work.”— 

e Architect, 


ELEMENTARY DECORATION. | 
A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL 
HOUSE DECORATION. By James W. Facey. With numerous Illustrations. 
In One Vol., strongly half-boun . . : : ; 5 ‘ 5/- 


HOUSE-PAINTING, GRAINING, MARBLING, 
AND SIGN WRITING, 
A Practical Manual of. By Exrris A. Davipson. Eighth Edition. With 
Coloured Plates and Wood Engravings. Crown 8vo, cloth . ‘ : 6- 


‘A mass of information, of use to the amateur and of value to the practical man."—English Mechanic. 


THE DECORATOR’S ASSISTANT. 


A Modern Guide for Decorative Artists and Amateurs, Painters, Writers, Gilders, 

&c. Containing upwards of 600 Receipts, Rules and Instructions; with a variety 

of Information for General Work connected with every Class of Interior and 
Exterior Decorations, &c. Seventh Edition. 152 pp., crown 8vo, in wrapper. 

|= 

“ Full of receipts of value to decorators, painters, gilders, &c. The book contains the gist of larger 


treatises on colour and technical processes. It would be difficult to meet with a work so full of varied 
information on the painter's art."—Butlding News. 


MARBLE DECORATION 


And the Terminology of British and Foreign Marbles. A Handbook for 
Students. By Georce H. Bracrove, Author of ‘Shoring and its Application,” 
&c. With 28 Illustrations. Crown 8vo, cloth . : ‘ s 

“This most useful and much wanted handbook should be in the hands of every architect and 


builder."—Buslding World. 
“A carefully and usefully written treatise; the work is essentially practical."—Scotsman. 
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DELAMOTTE’S WORKS ON ILLUMINATION 
AND ALPHABETS. 


ORNAMENTAL ALPHABETS, ANCIENT & MEDIAEVAL. 


From the Eighth Century, with Numerals; including Gothic, Church-Text, large 
and small, German, Italian, Arabesque, Initials for Illumination, Monograms, 
Crosses, &c. &c., for the use of Architectural and Engineering Draughtsmen, 
Missal Painters, Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c. &c. Collected and Engraved by F. Detamotte, and Printed in Colours. 
New and Cheaper Edition. Royal 8vo, oblong, ornamental boards . 2/6 


‘‘ For those who insert enamelled sentences round gilded chalices, who blazon shop legends over 
shop-doors, who letter church walls with pithy sentences from the Decalogue, this book will be useful.” 
—Athenaunt. 


MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 


Including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque; with 
several Original Designs, and an analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, Sur- 
veyors, Masons, Decorative Painters, Lithogra hers, Engravers, Carvers, &c. 
Collected and Engraved by F. DELAMOTTE, aa printed in Colours. New and 
Cheaper Edition. Royal 8vo, oblong, ornamental boards ' ; . 2/6 


‘“‘There is comprised in it every pees shape into which the letters of the alphabet and numerals 
can be formed, and the talent which has been expended in the conception of the various plain and 
ornamental letters is wonderful."—Standard. 


MEDIZEVAL ALPHABETS AND INITIALS. 


By F. G. DetamMotte. Containing 21 Plates and Illuminated Title, printed in 
Gold and Colours. With an Introduction by J. Wittis Brooks. Fifth 
Edition. Small 4to, ornamental boards . ; Net 5/= 


‘‘A volume in which the letters of the alphabet come forth glorified in gilding and all the colours of 
the prism interwoven and intertwined and intermingled.’—Sun. 


A PRIMER OF THE ART OF ILLUMINATION. 


For the Use of Beginners; with a Rudimentary Treatise on the Art, Practical 
Directions for its Exercise, and Examples taken from Illuminated MSS., printed 
in Gold and Colours, By F. DELAMoTTE. New and Cheaper Edition. Small 
4to, ornamental boards 6/- 


“The exa ne of ancient MSS. redorsmended to ne aendent, ‘which, with mtich: good sense, the 
author eo om collections accessible to all, are selected with judgment and knowledge, as well as 
taste."—A thenaum. 


THE EMBROIDERER’S BOOK OF DESIGN. 


Containing Initials, Emblems, Cyphers, Monograms, Ornamental Borders, 
Ecclesiastical Devices, Medizval and Modern Alphabets, and National Emblems. 
Collected by F. DeLamotTTeE, and ponte in Colours. Spone royal 8vo, 
ornamental wrapper . ‘ . Net Bile 


“The book will be of great assistance to v tadles sha: young , children whi are vendawed with the art 
of plying the needle in this most ornamental and useful pretty work."—East Anglian Times. 


WOOD-CARVING FOR AMATEURS. 
With Hints on Design. By A Lapy. With Ten Plates. New and Cheaper 
Edition. Crown 8vo, in emblematic wrapper . 2/- 


“The handicraft of the wood-carver, so well as a book can aiart it, sia’ bé inant from ‘A 
Lady's’ publication.”—A thenaum. 


PAINTING POPULARLY EXPLAINED. 


By THoMmas oe GuLtick, Painter, and JoHNn Times, F.S.A. Including Fresco, 

Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature, Painting 

on Ivory, Vellum, Pottery, Enamel, Glass, &c. Fifth Edition. Crown 8vo, cloth &/= 
*,* Adopted as a Prize book at South Kensington. 


‘“Much may be learned, even by those who fancy they do not require to be taught, from the careful 
perusal of this unpretending but comprehensive treatise.” —A rt Journal, 
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NATURAL SCIENCE, ETC. 
THE VISIBLE UNIVERSE. 


Chapters on the Origin and Construction of the Heavens. By J. E. Gore, 
F.R.A.S., Author of “ Star Groups," &c. Illustrated by 6 ae EnOOSTARHE and 





12 Plates. Demy 8vo, cloth. : 16/- 
STAR GROUPS. 

A Student's Guide to the Constellations. Excvarp Gorge, F.R.A.S., 

M.R.1.A., &c., Author of ‘‘ The Visible Daineee of fhe ey oe the Heavens,” 

&c. With 30 Maps. Small 4to, cloth. 5/- 


AN ASTRONOMICAL GLOSSARY. 
Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists of 
Remarkable and Interesting Celestial Objects. By J. ELLARD Gorz, F.R.A.S., 
Author of “‘ The Visible Universe,’ &c. Small crown 8vo, cloth . : 2/6 


THE MICROSCOPE. 
Its Construction and Management. Including Technique, Photo-micrography, 
and the Past and Future of the Microscope. By Dr. HENRI vAN HEOURCK. 
Re-edited and Augmented from the Fourth French Edition, and Translated by 
Wynne E. Baxter, F.G.S. Imp. 8vo,cloth . ; - 18/- 


A MANUAL OF THE MOLLUSCA. 
A Treatise on Recent and Fossil Shells. By S. P. Woopwarp, A.L.S., F.G.S. 
With an Appendix on Recent anp Fossit CONCHOLOGICAL DISCOVERIES, by 
RavpwH Tate, A.L.S., F.G.S. With 23 Plates and eee of a0 Woodcuts. 
Reprint of Fourth Edition (1880). Crown 8vo, cloth . 76 


THE TWIN RECORDS OF CREATION. 


Or, Geology and Genesis, their Perfect sae and Wonderful cancer By 
G. W. V. Le Vaux. 8vo, cloth 5/- 


LARDNER’S HANDBOOKS OF SCIENCE. 


aoe OF MECHANICS, Balaceed and re-written by B. aya 
R.A.S. Post 8vo, cloth . ‘ 6/- 


gancscor OF HYDROSTATICS AND PNEUMATICS, Revised 
and Enlarged by B. Lozwy, F.R.A.S. Post 8vo, cloth . 5/- 


HANDBOOK OF Bes oe and re-written by B. ae Bele AS. 
Post 8vo, cloth . 6/- 


HANDBOOK OF OPTICS. New Edition, Edited by Ls OLVER Hicolee: 
B.A. Small 8vo, cloth : 5i/- 


ELECTRICITY, MAGNETISM AND neovstte> Edited Pe Geo. C. 


Foster, B.A. Small 8vo, cloth : S/- 
HANDBOOK OF ASTRONOMY. Revised and Edited | by EpwIN 
Donkin, F.R.A.S. 8vo, cloth . : 9/6 


MUSEUM OF SCIENCE AND ART. With apenas of 1,200 Engravings. 
In Six Double Volumes, 1/1/-. Cloth, or half-morocco . £1 11s. 6d. 


NATURAL PHILOSOPHY FOR SCHOOLS . . .. . 83/6 
ANIMAL PHYSIOLOGY FOR SCHOOLS .. . . . . 8/6 


THE ELECTRIC ee Revised by E. B. Bricut, F.R.A.S. 
Fcap. 8vo, cloth - 2/6 
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CHEMICAL MANUFACTURES, 
CHEMISTRY, ETC. 


THE OIL FIELDS OF RUSSIA AND THE RUSSIAN 
OIL INDUSTRY. 
Comprising a Complete Account of the Physical Features and Productions of the 
Russian Oil Regions, and a Practical Guide to the Exploration, Exploitation, 
and Management of Oil Properties in Russia and elsewhere. By A. BEEBY 
TuHompson, A.M.Inst.M.E., Chief Engineer and Manager of the European 
Petroleum Company. Super-royal 8vo, with Plates and other Illustrations. 
‘ | [In the Press. Price about 3Oj= net. 


THE ANALYSIS OF OILS AND ALLIED SUBSTANCES. 
By A. C. Wricut, M.A.Oxon., B.Sc.Lond., formerly Assistant Lecturer in 
Chemistry at the Yorkshire College, Leeds, and Lecturer in Chemistry at the 
Hull Technical School. Demy 8vo, cloth . [Just Published. Net Qa 


THE OCCURRENCE AND COMPOSITION OF OILS, FATS, AND WAXES.—THE PHYSICAL PROPERTIES 
oF O1Ls, FaTs, AND WAXES, AND THEIR DETERMINATION.—THE CHEMICAL PROPERTIES OF OILS, 
Fats, AND WAXES FROM THE ANALYTICAL STANDPOINT.—DETECTION AND DETERMINATION OF 
Non-Fatry ConstTiITuENTS.—METHODS FoR ESTIMATING TRE CONSTITUENTS OF OILS anD FaTs.— 
DESCRIPTION AND PROPERTIES OF THE More ImporTant O1 Ls, Fats, AND WAXKS, WITH THE 
METHODS FOR THEIR INVESTIGATION.—THE EXAMINATION OF CERTAIN COMMERCIAL PRopuCcTs. 

‘‘The book fills a decided want. The author appears to have succeeded in the task he has set 
himself, and the subject-matter is carefully brought up to date.”—Natwre. 


THE GAS ENGINEER’S POCKET BOOK. 
Comprising Tables, Notes and Memoranda relating to the Manufacture, 
Distribution and Use of Coal Gas and the Construction of Gas Works. By 
H. O'Connor, A.M. Inst.C.E. Second Edition, Revised. Crown 8vo, leather 10/6 
‘“The book contains a vast amount of information. The author has certainly succeeded in making 
a compilation of hard matters of fact absolutely interesting to read."—Gas World. 
‘‘Contains a great quantity of specialised information, compiled from trustworthy sources, which 
should make it of considerable value to those for whom it is specifically produced.”—Engineer. 


LIGHTING BY ACETYLENE 


Generators, Burners and Electric Furnaces. By WiLtiam E. Grisss, M.E. 
With Sixty-six Illustrations. Crown 8vo, cloth. : ‘ 76 


ENGINEERING CHEMISTRY. 

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iron 
Masters, Iron Founders, Students and others. Comprising Methods of Analysis 
and Valuation of the Principal Materials used in Engineering Work, with 
numerous Analyses, Examples and Suggestions. By H. JosHua PHILLIPs, 
F.1.C., F.C.S. Third Edition, Revised and Enlarged. 420 pages, with Plates 
and other Illustrations. Largecrown 8vo,cloth . . . . Net 10/6 
‘*In.this work the author has rendered no small service to a numerous body of practical men. . . 


The analytical methods may be pronounced most satisfactory, being as accurate as the despatch required 
of engineering chemists permits.”—Chemical News. 


NITRO-EXPLOSIVES. 


A Practical Treatise concerning the Properties, Manufacture, and Analysis of 
Nitrated Substances, including the Fulminates, Smokeless Powders and Cellu- 
loid. By P. GeraLtp SanForp, F.I.C., Consulting Chemist to the Cotton 
Powder Company, Limited, &c. With Illustrations. Crown 8vo, cloth . Q/= 
“One of the very few text-books in which can be found just what is wanted. Mr. Sanford goes 
steadily through the whole list of explosives commonly used, he names any given explosive and tells us 
of what it is composed and how it is manufactured. The book is excellent throughout."—The Engineer. 


A HANDBOOK ON MODERN EXPLOSIVES. 


A Practical Treatise on the Manufacture and Use of Dynamite, Gun-Cotton, 
Nitro-Glycerine, and other Explosive Compounds, including Collodion-Cotton. 
With Chapters on Explosives in Practical Application. By M. E1sscgr, M.E. 
Second Edition, Enlarged. Crown 8vo, cloth . ; 12/6 


‘‘A veritable mine of information on the subject of explosives employed for military, mining and 
blasting purposes."—A rmy and Navy Gaxette. 
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DANGEROUS GOODS, | | 
Their Sources and Properties, Modes of Storage and Transport. With Notes 
and Comments on Accidents arising therefrom. A Guide for the Use of Govern- 
ment and Railway Officials, Steamship Owners, &c. By H. JosHua PHILLIPs, 


F.1.C., F.C.S. Crown 8vo, 374 pages, cloth. ; : : : - 
** Merits a wide circulation and an intelligent, appreciative study.”"—Chemical News. 


A MANUAL OF THE ALKALI TRADE. 


’ Including the Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By Joun Lomas, Alkali Manufacturer. .With 232 Illustrations and 
“Working Drawings. Second Edition, with Additions. Royal 8vo, cloth £1108. 


‘Not merely a sound and luminous explanation of the chemical principles of the trade, but a notice 
of numerous matters which have a most important poerine on the successful conduct of alkali works, 
but which are generally overlooked by even experienced technological authors.”—Chemical Review. 


THE BLOWPIPE IN CHEMISTRY, MINERALOGY, Etc. 
Containing all known Methods of Anhydrous Analysis, many Working aa We 
and Instructions for Making Apparatus. By Lieut.-Colonel W. A. Ross, R.A., 
F.G.S. Second Edition, Enlarged. Crown 8vo, cloth . : ‘ : 5/- 


“The student who goes conscientiously through the course of experimentation here laid down will 
gain a better insight into inorganic chemistry and mineralogy than if he had ‘got up’ any of the best 
text-books of the day, and passed any number of examinations in their contents."—Chemical News. 


THE MANUAL OF COLOURS AND DYE-WARES. 


Their Properties, Applications, Valuations, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J. W. SLarer. 
Second Edition, Revised and greatly Enlarged. Crown 8vo, clot . 3/86 


‘* There is no other work which covers precisely the same ground. To students preparing for 
examinations in dyeing and printing it will prove exceedingly useful."—Chemical News. 


A HANDYBOOK FOR BREWERS. 


Beifg a Practical Guidé to the Art of Brewing and Malting. Embracing the 
Conclusions of Modern Research which bear upon the Practice of Brewing. By 
HERBERT Epwarps WriGHT, M.A. Second Edition, Enlarged. Crown 8vo, 
530 pp., cloth, - 12/6 


‘‘May be consulted with advantage by the student who is preparing himself for examinational 
tests, while the scientific brewer will find in it a résumé of all the most important discoveries of modern 
times. The work is written throughout in a clear and concise manner, and the author takes great care 
to discriminate between vague theories and well-established facts."—-Brewers' Journal. 

‘We have great pleasure in recommending this handybook, and have no hesitation in saying that 
it is one of the best—if not. the best—which has ie been written on the subject of beer-brewing in this 
country. it should have a place on the shelves of every brewer’s library.”—Brewers' Guardian, 

“ Although the requirements of the student are primarily considered, an acquaintance of half-an- 
hour's duration cannot fail to impress the practical brewer with the sense of having found a trustworthy 
guide and practical counsellor in brewery matters.""—Chemical Trade Journal. 


FUELS: SOLID, LIQUID, AND GASEOUS. 
Their Analysis and Valuation. For the Use of Chemists and Engineers. By 
H. J. Puiruips, F.C.S.,. Formerly Analytical and Consulting Chemist to the 
Great Eastern Railway. Third Edition. Crown 8vo, cloth we 2/- 


“Ought to have its place in the laboratory of every metallurgical establishment, and wherever fuel 
is used on a large scale:"—CHemical News. 


THE ARTISTS’ MANUAL OF PIGMENTS. 
Showing their Composition, Conditions of Permanency, Non-Permanency, and 
Adulterations, &c., with Tests of Purity. By H.C. Stanpace. Third Edition, 
crown 8vo, cloth : ‘ ‘ 2/6 


‘This work is indeed multum-in-parvo, and we can, with good conscience, recommend It to allwho . 
come in contact with pigments, whether as makers, dealers, or users." —Chemical Review. 


A POCKET-BOOK OF MENSURATION & GAUGING. 


Containing Tables, Rules, and: Memoranda for Revenue Officers, Brewers, Spirit 
Merchants, &c. By J. B. MAnr (Inland Revenue). Second Edition, Revised, 
18mo, leather... : ; is : 4/- 
‘Should be in the hands of every practical brewer."—Brewers' Journal. 
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INDUSTRIAL ARTS, TRADES AND 
MANUFACTURES. 


TEA MACHINERY AND TEA FACTORIES. 


A Descriptive Treatise on the Mechanical Appliances required in the Cultivation 
of the Tea Plant and the Preparation of Tea for the Market. By A. J. WALLIs- 
TayLer, A.M.Inst.C.E. Medium 8vo, 468 pp. With 218 Illustrations. 
; Net 26/< 
SUMMARY OF CONTENTS. 
MECHANICAL CULTIVATION OR TILLAGE OF TRE SoIL.—PLUCKING OR GATRERING THE LEAF.— 
Tra Factories. — THE DRESSING, MANUFACTURE, OR PREPARATION OF TEA BY MECHANICAL 
MEANS.—ARTIFICIAL WITHERING OF THE LEAF.— MACHINES FOR ROLLING OR CURLING THE LeaF.— 
FERMENTING PRocESS.— MACHINES FOR THE AUTOMATIC DRYING OR FirminG OF THE LeaF.— 
MACHINES FOR Non-AuTOMATIC DryING OR FIRING OF THE LEAF.—DRYING OR FirntinGc MACHINES.— 
BREAKING OR CUTTING, AND SORTING MACHINES.—PACKING THE TEA.—M&anS OF TRANSPORT ON 
TEA PLANTATIONS.—MISCRLLANEOUS MACHINERY AND APPARATUS.—-FiInaL TREATMENT OF THE 
TeEa.—TABLES AND MEMORANDA, 


‘The subject of tea machinery is now one of the first interest to a large class of people, to whom 
we strongly commend the volume.”—Chamber of Commerce Journal. 
‘When tea planting was first introduced into the British possessions little, if any, machinery was 
employed, but now its use is almost universal. This volume contains a very full account of the 
maghinery necessary for the proper outfit of a factory, and also a description of the processes best 
carried out by this machinery.”—/Journal Society of Arts. 


FLOUR MANUFACTURE. 


A Treatise on Milling Science and Practice. By Friepricn Kick, Imperial 
Regierungsrath, Professor of Mechanical Technology in the Imperial German 
Polytechnic Institute, Prague. Translated from the Second Enlarged and 
Revised Edition, with Supplement. By H. H. P. Powrgs, Assoc. Memb. 
Institution of Civil Engineers. Nearly 400 pp. Illustrated with 28 Folding 
Plates, and 167 Woodcuts. Royal 8vo, cloth . ; : " ° - 265/- 
‘This invaluable work fs, and will remain, the standard authority on the science of milling. . . . 
The miller who has read and digested this work will have laid the foundation, so to speak, ofa successful 
career; he will have acquired a number of general principles which he can aceeed 16 apply. In this 
handsome volume we at last have the accepted text-book of modern milling in good, sound English, 
which has little, if any, trace of the German idiom."—The MtHer. 


‘The appearance of this celebrated work in English is very Cryorens and British millers will we 
are sure, not be slow in availing themselves of its pages."—Millers’ Gazette. 


COTTON MANUFACTURE. 
A Manual of Practical Instruction of the Processes of Opening, Carding, 
Combing, Drawing, Doubling and Spinning of Cotton, the Methods of Dyeing, &c. 
For the Use of Operatives, Overlookers, and Manufacturers. By JoHN LisTER, 
Technical Instructor, Pendleton. 8vo, cloth . : : ; : . 6 


‘This invaluable volume is a distinet advance in the literature of cotton manufacture."—Machinery. 
“It is thoroughly reliable, fulfilling nearly all the requirements desired."—Glasgow Herald. 


MODERN CYCLES. 


A Practical Handbook on their Construction and Repair. By A. J. Wattis- 
TaycLer, A.M.Inst.C.E., Author of ‘‘ Refrigerating Machinery,” &c. With 
upwards of 300 Illustrations. Crown 8vo,cloth . . . . . 10/6 
‘‘The large trade that is done in the component Farts of bicycles has placed in the way of men 
mechanically inclined extraordinary facilities for building bicycles for own use. . . . The 
book will prove a valuable guide for all those who aspire to the manufacture or repair of their own 
machines.'—The Field. 
‘‘A most comprehensive and up-to-date treatise.”—The Cycle. 
‘““A very useful book, which is quite entitled to rank as a standard work for students of cycle 
construction." — Wheeling. ; ‘ : 


MOTOR CARS OR POWER CARRIAGES FOR COMMON 
ROADS, 

By A. J. Wactis-TayLer, Assoc. Memb. Inst. C.E., Author of ‘* Modern 

Cycles," &c. 212 pp., with 76 Illustrations. Crown 8vo, cloth . . 4/6 


‘‘ The book is clearly expressed throughout, and is just the sort of work that.an engineer, thinking 
of turning his attention to motor-carriage work, would do well to read as a preliminary to starting 
operations.”"—Enginesring. 
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PRACTICAL TANNING. 


A Handbook of Modern Processes, Receipts, and Suggestions for the Treatment 

of Hides, Skins, and Pelts of every Description. By L.A. FLEMMING, American 

Tanner. 472 pages. 8vo, cloth : ‘ [ Just Published. Net 26/= 

“‘ This work is just what its name implies—a practical man’s handbook on leather manufacture. 

We are pleased to see much care, thought, and space are devoted to the modern methods of chrome 

tanning, sheep, goat, calf, and side leathers. Mr. Flemming’s book is essentially the tanner’s working 

handbook, and we have no doubt but that in a very short time we shall see many a copy on the 

manager-foremen’ s desks bearing tan, chrome, and dye stains—a sure evidence that the work of the 
writer has not fallen upon unfruitful ground.—The Leather Tradss' Review, 


THE ART OF LEATHER MANUFACTURE. 
Being a Practical Handbook, in which the Operations of Tanning, Currying, and 
Leather Dressing are fully Described, and the Principles of Tanning Explained, 
and many Recent Processes Introduced ; as also Methods for the Estimation of 
Tannin, and a Description of the Arts of Glue Boiling, Gut Dressing, &c. By 
ALEXANDER Watt. Fourth Edition. Crown 8vo, cloth . . Qn 


“A sound, comprehensive treatise on tanning and its accessories. The book is ‘an eminently 
valuable production, which redounds to the credit of both author and publishers.”—Chemical Review. 


THE ART OF SOAP-MAKING. 


A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet Soaps, 
&c. Including many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Leys. By ALEXANDER Watt. Sixth Edition, including 
an Appendix on Modern Candlemaking. Crown 8vo, cloth 6 


“A thoroughly practical treatise. We congratulate the author on the success of his erideavour to 
fill a void in English technical Itterature."—Nature. 


PRACTICAL PAPER-MAKING. 


A Manual for Paper-Makers and Owners and Managers of Paper-Mills. With 
Tables, Calculations, &c. By G. CLappERTON, Paper-Maker. With Illustrations 
of Fibres from Micro-Photographs. Crown 8vo, cloth . 5/- 


‘The author caters for the requirements of res epeneble mill hands, apprentices, &c., whilst his 
manual will be found of great service to students of technology, as well as to veteran paper-makers 
and mill-owners. The illustrations form an excellent feature."—The World's Paper Trade Review. 


THE ART OF PAPER-MAKING. 


A Practical Handbook of the Manufacture of Paper from Rags, Esparto, Straw, 
and other Fibrous Materials. Including the Manufacture of 1 Pulp from Wood 
Fibre, with a Description of the Machinery and Appliances used. To which are 
added Details of Processes for Recovering Soda from Waste Liquors. By 
ALEXANDER Watt. With Illustrations. Crown 8vo, cloth . 7/6 
‘It may be regarded as the standard work on the su pert The book is full of valuable information 


The ‘Art of Paper-Making' is in every respect a model of a text-book, either for a technical class, or for 
the private student.”"—Paper and Printing Trades Journal. 


A TREATISE ON PAPER 


For Printers and Stationers. With an Outline of rie ae Manufacture; Complete 
Tables of Sizes, and Specimens of Different Kinds of Paper. By RicHarp 
ParkINsoN, late of the Manchester Technical School. Demy 8vo, cloth 3/6 


CEMENTS, PASTES, GLUES AND GUMS. 


A Practical Guide to the Manufacture and Application of the various Aggluti- 
nants required in the Building, Metal-Working, Wood-Working, and Leather- 
Working Trades, and for Workshop and Office Use. With upwards of 900 
Recipes. By H.C. Stanpace. Third Edition. Crown 8vo, cloth . 2/9 


‘We have pleasure in speaking favourably of this volume. So far as we have had experience, 
which is not inconsiderable, this manual is trustworthy."—A thenaum. 


FRENCH POLISHING AND ENAMELLING. 


A Practical Work of Instruction. Including Numerous Recipes for making 
Polishes, Varnishes, Glaze-Lacquers, Revivers, &c. By R. Birmzap . 1/6 


WOOD ENGRAVING. 


A Practical and Easy Introduction to the Study of the Art. By W.N. Brown 1/6 


‘The book is clear and complete, and will be useful to any one wanting to understand the first 
elements of the beautiful art of wood engraving."—Graphic. 
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WATCH REPAIRING, 
CLEANING, AND ADJUSTING. 

A Practical Handbook dealing with the Materials and Tools Used, and the 
Methods of Repairing, Cleaning, Altering, and Adjusting all kinds of English and 
Foreign Watches, Repeaters, Chronographs, and Marine Chronometers. By 
F. J. GARRARD, Springer and Adjuster of Marine Chronometers and Deck Watches 

for the Admiralty. With over 200 Illustrations. Crown 8vo, cloth. 
(Just Published. Net 4/6 
‘To the apprentice who wishes to gain a clear insight into the repairing branch of the industry, 


and even to those who are adepts in the art and mystery of horology, little book can be well 
recommended."— Watchmaker, Jeweler, and Silversmith. 


MODERN HOROLOGY IN THEORY AND PRACTICE. 


Translated from the French of CLaupius Saunigr, ex-Director of the School of 
Horology at Macon, by Jurren Trippiin, F.R.A.S., Besancon Watch Manu- 
facturer, and Epwarp Rice, M.A., Assayer in the Royal Mint. With Seventy- 
eight Woodcuts and Twenty-two Coloured Copper Plates. Second Edition. 
Super-royal 8vo, G2 2g., cloth; half-calf : : : . £2 10s. 


‘“‘ There is no horological work in the English anguake at all to be compared to this uction of 
M. Saunier’s for clearness and completeness. It is alike good as a guide for the student and as a 
«eference for the experienced horologist and skilled workman.”"—Horological Journat. 

“The latest, the most complete, and the most reliable of those literary productions to which 
continental watchmakers are indebted for the mechanical superiority over their English brethren—in 
fact, the Book of Books, is M. Saunier's ‘ Treatise.'""—Watchmaker, Jeweller, and Stlversmith. 


THE WATCH ADJUSTER’S MANUAL. 


A Practical Guide for the Watch and Chronometer Adjuster in Making, Springing, 
Timing and Adjusting for Isochronism, Positions and Temperatures. By C. E. 
FRITTS. 370 pages, with Illustrations, 8vo, cloth . ; ; : . 16/- 


THE WATCHMAKER’S HANDBOOK. 


Intended as a Workshop Companion for those engaged in Watchmaking and the 
_ Allied Mechanical Arts. Translated from the French of CLaupivus SAuUNIER, and 
enlarged by JULIEN TRIPPLIN, F.R.A.S., and Epwarp Rie, M.A., Assayer in 
the Royal Mint. Third Edition. Crown 8vo, cloth : ‘ 9/- 


“Each part is truly a treatise in itself. The arrangement is good and the language Js clear and 
concise. It is an admirable guide for the young watchmaker.”"— Engineering. 

‘It is impossible to speak too highly of its excellence. It fulfils every requirement in a handbook 
intended for the use of a workman. Should be found In every workshop."—Watch and Clockmaker. 


HISTORY OF WATCHES & OTHER TIMEKEEPERS. 


By JaMzEs F. Kenna, M.B.H.Inst. 1/6 boards; or cloth, gilt. é 2/6 


“ The best which has yet appeared on this subject in the English language."—Industries. 
‘Open the book where you may, there is interesting matter in it concerning the ingenious devices 
of the ancient or modern horologer."—Saturday Review. 


ELECTRO-PLATING & ELECTRO-REFINING or METALS. 


Being a new edition of ALEXANDER WatTT's ‘‘ ELECTRO-DEPosITION.’’ Revised 
and Largely Rewritten by ARNoLD Pup, B.Sc., A.I.E.E., Principal Assistant 


to the Admiralty Chemist. Largecrown 8vo,cloth . é : Net 12/6 
“ Altogether the work can be highly recommended to every electro-plater, and is of undoubted 
interest to every electro-metallurgist."—Electrical Review. 


‘‘Eminently a book for the practical worker in electro-deposition. It contains practical descriptions 
of methods, processes and materials, as actually pursued and used in the workshop."—Engineer. 


ELECTRO-METALLURGY. 
Practically Treated. By ALEXANDER Watt. Tenth Edition, including the most 
recent Processes. 12mo, cloth . : : : ; . 3/6 


‘From this book both amateur and artisan may learn everything necessary for the successful 
prosecution of electroplating."—IJron. 


JEWELLER’S ASSISTANT IN WORKING IN GOLD. 


A Practical Treatise for Masters and Workmen, Compiled from the Experience 
of Thirty Years’ Workshop Practice. By GEorGE E. Gze, Author of the ‘‘ Gold- 
smith’s Handbook,"’ &c. Crown 8vo, cloth . ‘ ; ? ; - 6 


“This manual of technical education is apparently destined to be a valuable auxillary to a handi- 
eraft which is certainly capable of great improvement."—The Times. 
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ELECTROPLATING. 
A Practical Handbook on the De aon of Copper, Silver, Nickel, Gold, 
Aluminium, Brass, Platinum, &c., &c. By J. W. Unpoue: C.E. Fourth 
Edition, Revised. Crown 8vo, cloth. . - 5S 


“An excellent practical manual."—Enginecring. 
“An excellent work, giving the newest information."—Horological Journal. 


ELECTROTYPING. 


The Reproduction and Multi pees of Printing Surfaces and Works of Art by 
See ebonae of Metals. By J. W. Urguuart, C.E. Crown 8vo, 
cloth . S/- 
“ The book is thoroughly practical; the reader is, therefore, conducted through the leading laws of 


electricity, then through the metals used by electrotypers, the apparatus, and the depositing processes, 
up to the final preparation of the work.”—A rt Journal. ; 


GOLDSMITH’S HANDBOOK. 


By GreorGE E. Gzg, Jeweller, &c. Fifth Edition. 12mo, cloth . 3/- 
‘‘ A good, sound educator, and will be generally accepted as an authority."—Horological J ournal. 


SILVERSMITH’S HANDBOOK. 


By GeorceE E. Gze, Jeweller, &c. Third Edition, with numerous I]lustrations. 
12mo, cloth 


3/= 
“The chief merit of the work fs its practical character. . . The workers in the trade will speedily 
discover its merits when they sit down to study it."—English Mechanic. 


*.° The above two works together, strongly half-bound, price 7s. 
SHEET METAL WORKER’S INSTRUCTOR. 


Comprising a Selection of Geometrical Problems and Practical Rules for 
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper and Tin- 
Plate Workers. By RevBgEN Henry Wary, Practical Tin-Plate Worker. New 
Edition, Revised and greatly Enlarged by JosEPH G. er A.M. LM. E. 
Crown 8vo, 254 pages, with 430 Illustrations, cloth d .  .T/6 


BREAD & BISCUIT BAKER’S & SUGAR-BOILER'S 


ASSISTANT. 
Including a large variety of Modern Recipes. With Remarks on the Art of 


Bread-making. By Ropert WeExtts. Third Edition. Cr. 8vo, cloth. 2/- 
‘‘A large number of wrinkles for the ordinary cook, as well as the baker. "Saturday Review. 


PASTRYCOOK & CONFECTIONER’S GUIDE. 


For Hotels, Restaurants, and the Trade in general, adapted also for Family Use. 
By R. WELLs, Author of ‘‘The Bread and Biscuit Baker.’’ Crown 8vo, 
cloth . 2/- 


“We cannot speak too highly of this really excellent work. In these days of keen competition our 
readers cannot do better than purchase this book." —Baker's Times. 


ORNAMENTAL CONFECTIONERY. 


A Guide for Bakers, Confectioners and Pastrycooks; including a variety of 
Modern Recipes, and Remarks on Decorative and Coloured Work. With 129 
Original Designs. By RoBert WeELts. Second Edition. Crown 8vo, cloth. 


‘A valuable work, practical, and should be in the hands of every baker and confectioner. The 
illustrative designs are alone worth treble the amount charged for the whole work."—Baker’s Times. 


MODERN FLOUR CONFECTIONER. 


Containing a large Collection of Recipes for Cheap Cakes, Biscuits, &c. With 
Remarks on the Ingredients Used in their Manufacture. By RoBert WELLs, 
Author of ‘* The Bread and Biscuit Baker,’’ &c. Crown 8vo, cloth : 2/- 


* The work is of a decidedly practical character, and in every recipe regard is had to economical 
working.”—North British Daily Mail. 


RUBBER HAND STAMPS 


And the Manipulation of Rubber. A Practical Treatise on the Manufacture of 
Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hektograph, 
Special Inks, Cements and Allied Subjects. By T.O'Conor Stoanz, A.M., Ph.D. 
With numerous Illustrations, Square 8vo, cloth . ; 5/- 
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_ HANDYBOOKS FOR HANDICRAFTS. 


BY PAUL N. HASLUCK, 
Editor of ‘* Work” (New Series), Author of ‘‘ Lathe Work,” “ Milling Machines,” &c. 
Crown 8vo, 144 pages, price 1/- each. 

@e These HANpDyBooks have been written to supply information for WoRKMEN, 
STUDENTS, and AMATEORS in the several Handicrafts, on the actual Practice of the 
WorksHoP, and are intended to convey in plain language TRCHNICAL KNOWLEDGE of the 
several CraFts. In describing the processes employed, and the manipulation of material, 
workshop terms ave used; workshop practice is fully explained ; and the text is freely illustrated 
with drawings of modern tools, appliances, and processes. 


METAL TURNER’S HANDYBOOK. 


A Practical Manual for Workers at the Foot-Lathe. With roo Illustrations 1/- 
‘The book will be of service alike to the amateur and the artisan turner. It displays thorough 
knowledge of the.subject."—Scotsman. 


WOOD TURNER’S HANDYBOOK. 
A Practical Manual for Workers at the Lathe. With over roo Illustrations 1/- 


“We recommend the book to young turners and amateurs. A multitude of workmen have hitherto 
sought in vain for a manual of this special industry."—Mechanical World. 


WATCH JOBBER’S HANDYBOOK. 


A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of 
roo Illustrations 


. "We strongly advise all youn persons connected with the watch trade to acquire and study this 
inexpensive work.”—Clerkenwell Chronicle. 


PATTERN MAKER’S HANDYBOOK. 


A Practical Manual on the Construction of Patterns for Founders. With cae 
of roo Illustrations... 1/- 
_ “A most valuable, if not indispensable, manual for the pattern maker. "_K nowledge. 


MECHANIC’S WORKSHOP HANDYBOOK. 


A Practical Manual on Mechanical Manipulation, embracing Information on 
various Handicraft Processes. With Useful Notes and Miscellaneous Memo- 
randa. Comprising about 200 Subjects. 1/- 


“A very clever and useful book, which showld be found in every Ww vorkshop ; and it should certainly 
find a place in all technical schools. "Saturday Review. 


MODEL ENGINEER’S HANDYBOOK. 


A Practical Manual on the Construction of Model Steam Ene With 
apwarus of 100 Illustrations ‘ ‘ 1/- 
‘Mr. Hastuck has produced a very good little book. "Builder. 


CLOCK JOBBER’S HANDYBOOK. 


A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of 
roo Illustrations . 1/- 
“It is of inestimable service to those commencing the trade. "Coventry Standard. 


CABINET WORKER’S HANDYBOOK. 


A Practical Manual on the Tools, Materials, Appliances, and Processes employed 
in Cabimet Work. With upwards of 100 Illustrations 


1/- 
‘* Mr. Hasluck’s thoroughgoing little Handybook is amongst the most practical guides we have 
seen for beginners in cabinet-work.”—Saturday Review. 


WOODWORKER’S HANDYBOOK. 


Embracing Information on the Tools; Materials, Appliances, and Processes 
Employed in Woodworking. With 104 Illustrations 1/- 
‘“ Written by a man who knows not only how work ought to be done, but how to do it, and how to 
cone his knowledge to others."—Engineersng. 
r. Hasluck writes a and gives complete instructions."—Engéneer. 
‘‘Mr. Hasluck combines the orp coe of a pracucs! teacher with the manipulative skill and 
scientific knowledge of processes of trained mec hanictan, and the manuals are marvels of what can 
be produced at a popular price."—Schoolmaster 
“ Helpful to workmen of all ages and de rees of experience."— Daily Chronicle. 
‘* Concise, clear, and Practica "—Sattrday Review. 
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COMMERCE, COUNTING-HOUSE WORK, 
TABLES, ETC. 


LESSONS IN COMMERCE. 


By Professor R. GamBaro, of the Royal High Commercial School at Genoa. 
Edited and Revised by JAMES GauLr, Professor of Commerce and Commercial 
Law in King's College, London. Fourth Edition. Crown 8vo, cloth . 3/6 


“The publishers of this work have rendered considerable service to the cause of commercial 
education by the opportune production of this volume. . . . The work is peculiarly acceptable to 
English readers and an admirable addition to existing class books. In a phrase, we think the work 
attains its object in furnishing a brief account of those laws and customs of British trade with which 
the commercial man interested therein should be familiar."—Chamber of Commerce Journal. 

“An invaluable guide in the hands of those who are Preparing for a commercial career, and, in fact, 
the information it contains on matters of business should be impressed on every one."—Counting House. 


THE FOREIGN COMMERCIAL CORRESPONDENT. 


Being Aids to Commercial Correspondence in Five Languages—English, French, 
German, Italian, and Spanish. y ConraD E. Baxer. Third Edition. Care- 
fully revised throughout. Crown 8vo,cloth . .  . : . 4/6 

‘“* Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do better than 
study this work, the materials of which are excellent and conveniently arranged. They consist not ot 


entire specimen letters, but—what are far more useful—short passages, sentences, or phrases expressing 
the same general idea in various forms."—Athenaum. 


“A careful examination has convinced us that it is unusually complete, well arranged and reliable. 
The book is a thoroughly good one.” —Schoolmaster, ; 


FACTORY ACCOUNTS: THEIR PRINCIPLES AND 
PRACTICE. 


A Handbook for Accountants and Manufacturers, with Appendices on the 
Nomenclature of Machine Details; the Income Tax Acts; the Rating of 
Factories; Fire and Boiler Insurance; the Factory and Workshop Acts, &c., 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emire Garcxe and J. M, Fexts. Fifth Edition, Revised and Enlarged. 
Demy 8yo, cloth . .... : ; . : : 7/6 


“A very interesting description of the requirements of Factory Accounts. . . . The principle of 


assimilating the Factory Accounts to the general commercial books is one which we thoroughly agree 
with.”"—Accountants’ Journal. 


‘‘Characterised by extreme thoroughness. There are few owners of factories who would not 
derive great benefit from the perusal of this most admirable work."—Local Government Chronicle. 


MODERN METROLOGY. | 


A Manual of the Metrical Units and Systems of the Present Century. With an 
Appendix containing a proposed English System. By Lowis D’A. Jackson, 
A.-M. Inst.C.E., Author of '‘ Aid to Survey Practice," &c. Large crown 8vo, 
cloth . , 4 ‘ ; : ; ; : ; , . 12/6 


ae ‘We recommend the work to all interested in the practical reform of our weights and measures."— 
ure. : 


A SERIES OF METRIC TABLES. 


In which the British Standard Measures and Weights are compared with those 
of the Metric System at present in Use op the Continent. By C. H. DowLina, 
C.E. 8vo, cloth ; ; . : 10/6 


‘Mr. Dowling’s Tables are well put together as a ready reckoner for the conversion of one system 
into the other.” —A thenaum. 


IRON AND METAL TRADES’ COMPANION. 


For expeditiously ascertaining the Value of any Goods bought or sold by Weight, 
from Is. per cwt. to 112s. per cwt., and from one farthing per pound to one shilling 
per pound. By THomAs Downie. Strongly bound in leather, 396 pp. . 9/- 


“A most useful set of tables, nothing like them before existed."—Buiuding News. 
‘Although specially adapted to the iron and metal trades, the tables will be found useful in every 
other business in which merchandise is bought and sold by weight."—Railway News. 
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NUMBER, WEIGHT, & FRACTIONAL CALCULATOR. 


Containing upwards of 250,000 Separate Calculations, showing at a glance the 
value at 422 different rates, ranging from y},th of a Penny to 2os. each, or per 
cwt., and {20 per ton, of any number of articles consecutively, from 1 to 470. 
—Any number of cwts., qrs., and Ibs., from 1 cwt. to 470 cwts.—Any number of 
tons, cwts., qrs., and Ibs., from 1 to 1,000 tons. By WILLIAM CHapwick, Public 
Accountant. Third Edition, Revised and Improved. 8vo, strongly bound 18/- 


“It is as easy of reference for any answer or any number of answers as a dictionary. For makin 
up accounts or estimates the book must prove invaluable to all who have any considerable quantity 


° 


calculations involving price and measure in any combination to ae 
“The most perfect work of the kind yet prepared."—Glasgow Herald. 


THE WEIGHT CALCULATOR. 


Being a Series of Tables upon a New and Comprehensive Plan, exhibiting at one 
Reference the exact Value of any Weight from 1 lb. to 15 tons, at 300 Progressive 
Rates, from 1d. to 168s. per cwt., and containing 186,000 Direct Answers, which, 
with their Combinations, consisting of a single addition (mostly to be performed 
at sight), will afford an aggregate of 10,266,000 Answers; the whole being calcu- 
lated and designed to ensure correctness and promote despatch. By HENRY 
HARBEN, Accauntant. Fifth Edition, carefully corrected. Royal 8vo, strongly 
half-bound . : ‘ : : : ; : ‘ ‘ : ‘ &1 Ss. 
‘A practical and useful work of reference for men of business generally.”"—Jronmonger 


nger. 
' riceless value to business men. It is a necessary book in all mercantile offices.”"—Shefield 
Independent. 


THE DISCOUNT GUIDE. 


Comprising several Series of Tables for the Use of Merchants, Manufacturers, 
Ironmongers, and others, by which may be ascertained the exact Profit arising 
from any mode of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a Price, so as to 
produce, by one operation, a sum that will realise any required profit after 
allowing one or more Discounts; to which are added Tables of Profit or Advance 
from 1} to 90 per cent., Tables of Discount from 1} to 98% per cent., and Tables 
of Commission, &c., from } to ro per cent.. By Henry HarBen, Accountant. 
New Edition, Corrected. Demy 8vo, half-bound .. ‘ . £1 Ss. 
‘A book such as this can only be appreciated by business men, to whom the saving of time means 


saving of money. The work must prove of great value to merchants, manufacturers, and general 
traders."—British Trade Journal. 


TABLES OF WAGES. 


At 54, 52, 50, and 48 Hours per Week. Showing the Amounts of Wages from 
One-quarter-of-an-hour to Sixty-four hours in each case at Rates of W 

advancing by One Shilling from 4s. to 55s. per week. By TuHos. Garsourrt, 
Accountant. Square crown 8vo, half-bound . ; ‘ ‘ ‘ : 6/- 


IRON-PLATE WEIGHT TABLES. 


For Iron Shipbuilders, Engineers and Iron Merchants. Containing the Calcu- 
lated Weights of Upwards of 150,000 different sizes of Iron Plates from 1 foot by 
6 in. by } in. to ro fret by 5 feet by r in. Worked out on the basis of 40 Ibs. to 
the square foot of Iron of 1 inch in thickness. By H. Buriinson and W. H. 
Simpson. 4to, half-bound oo : : : ; ‘ : - 25/- 


AGRICULTUKE, FARMING, GARDENING, Sc. 43 


eee 





AGRICULTURE, FARMING, GARDENING, ETC. 


THE COMPLETE GRAZIER AND FARMER’S AND 

_. CATTLE BREEDER’S ASSISTANT. . 

A Compendium of Husbandry. Originally Written by Wittiam Yovuarr. 

- Fourteenth Edition, entirely Re-written, considerably Enlarged, and brought up 

to Present Requirements, by WILLIAM FreaM, LL.D., Assistant Commissioner 

Royal Commission on Agriculture, Author of ‘‘ The Elements of Agriculture,”’ &c. 

Royal 8vo, 1,100 pp., 450 Illustrations. Handsomely bound . £1 11s. 6d. 
SUMMARY OF CONTENTS. | 

Boox I. ON THE VARIETIES, BREEDING, REAR- Book VII. ON tHe BREEDING, REARING, AND 

ING, FATTENING AND MANAGEMENT OF CATTLE. MANAGEMENT OF POULTRY. 
Boox II. On tHe Economy AND MANAGEMENT Boox VIII. On Farm Orrices AND ImpPLeE- 


OF THE Darry. . MENTS OF HUSBANDRY. 
Boox III. On tHe BREEDING, REARING, AND Boox IX. ON THE CULTURE AND MANAGE- 
| 





MANAGEMENT OF HorsEs. MENT OF GRASS LANDs. 
Boox IV. On THE BREEDING, REARING, AND Boox X. ON THE CULTIVATION AND APPLICA- 
FATTENING OF SHEEP. TION OF GRASSES, PULSE AND Roots. 
Boox V. ON THE BREEDING, REARING, AND Boox XI. ON MANURES AND THEIR APPLI- 
FATTENING OF SWINE. CATION TO GRASS LAND AND Crops. 
x VI. ON tHE Diseases oF Live Stock. Book XII. MontTHLY CALENDARS OF FARMWORK. 


*,* OPINIONS OF THE PREsS. 

‘“‘ Dr. Fream {s to be congratulated on the successful attemipe he has made to give us a work which 
will at once become the standard classic of the farm practice of the country. We believe that it will be 
found that it haS’ no compeer amohg the many works at present in existence. . . . The illustrations 
are admirable, while the One oce: which represents the well-known bull, New Year's Gift, bred by 
the Queen, is a work of art."—7 he Times. 

“ The book must be recognised as occupying the proud position of the most exhaustive work of 
reference in the English language on the subject with which it deals." —A thenaum. 

‘‘The most comprehensive guide to modern farm practice that exists in the English language 
to-day. . . . The k is one that ought to be on every farm and jn the library of every land 
owner."—Mark Lane Express. 

“In point of exhaustivéness and accuracy the work will certainly hold a pre-eminent and unique 
position among books dealing with scientific agricultural practice. It is, in fact, an agricultural library 
of itself."-—North British Agriculturist, . ; 


FARM LIVE STOCK OF GREAT BRITAIN. 


By Robert WALLACE, F.L.S., F.R.S.E., &c., Professor of Agricultural and Rural 
Economy in the University of Edinburgh. Third Edition, thoroughly Revised 
and oe Enlarged. With over 120 Phototypes of Prize Stock. Demy 
8vo, 384 pp., with 79 Plates and Maps. Cloth - oe whl ele 12/8 


“A really complete work on the history, breeds, and management of the farm stock of Great 
Pa and one which is likely to find its way to the shelves of every country gentleman's library."— 
ames. 
“The ‘Farm Live Stock of Great Britain’ is a production to be proud of, and its issue not the 
least of the services which its author has rendered to agricultural science."—Scottish Farmer. 


NOTE-BOOK OF AGRICULTURAL FACTS AND 
FIGURES FOR FARMERS AND FARM STUDENTS. 
By Primrose McConneELt, B.Sc., Fellow of the Highland and Agricultural 
Society, Author of ‘‘ Elements of Farming.” Sixth Edition, Rewritten, Revised, 
and greatly Enlarged. F'’cap. 8vo, 480 pages, leather, gilt edges. : 6/- 
CONTENTS. — SURVEYING AND LEVELLING. —WRIGHTS AND MEASURES. — MACHINERY AND 
BUILDINGS.— LABOUR.—OPERATIONS.— DRAINING.— EMBANKING.— GEOLOGICAL MEMORANDA.—SOILS. 


—MANvuRES.— Croppinc.— Crops.— ROTATIONS.—WEEDS.— FEEDING.— DaIRYING.— Live StTocKk.— 
HorRsES.—CATTLE.—SHEEP.—Pics.— PouLTRY.—FORESTRY.—HORTICULTURE.— MISCELLANEOUS. 

‘No farmer, and certainly no cultural student, ought to be without this multum in parvo manual 
of all subjects connected with the farm."—North British Agriculturist. 

.* This little pocket-book contains a large amount of useful information upon all kinds of agricultural 
subjects. Something of the kind has long been wanted."—Mark Lane Express. 

““The amount of information it contains is most surprising; the arrangement of the matter Is so 
methodical—although so compressed—as to be intelligible to every one who takes a glance through its 
pages. They teem with information.”—Farm and Home. 


THE ELEMENTS OF AGRICULTURAL GEOLOGY. 


A Scientific Aid to Practical Farming. By Primrose McConneE -t, B.Sc., Author 
of ‘‘ Notebook of Agricultural Facts and Figures,’’&c. Royal 8vo, 330 pp., with 
Coloured Map and numerous I]lustrations, cloth . a . Net 2t]/- 


“On every page the work bears the impress of a masterly knowledge of the subject dealt with, 
and we have nothing but unstinted praise to offer." —Field. 
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BRITISH DAIRYING. 


A Handy Volume on the Work of the Dairy-Farm. For the Use of Technical 
Instruction Classes, Students in Agricultural Colleges and the Working Dairy- 
Farmer. By Prof. J. P. SHgtpon. With Illusts. Second Edition, Revised. 
Crown 8vo, cloth. . ‘ : ; ; - 2/6 


- ;onideanly recommended as a useful text-book on dairy farming.”—A gricultural Gaxette 


‘* Probably the best half-crown manual on dairy work that has yet been produced.” —N orth British 
A griculturist. 


“It is the soundest little work we have yet seen on the subject.”—The Times. 


MILK, CHEESE, AND BUTTER. 


A Practical Handbook on their Properties and the Processes of their Production. 
Including a Chapter on Cream and the Methods of its Separation from Milk. 
By Joun OLiver, late Principal of the Western Dairy Institute, Berkeley. With 
Coloured Plates and 200 Illustrations. Crown 8vo, cloth : . . ats 


“An exhaustive and eee cucn It may be cordially recommended to all students and 
practitioners of dairy science."—N.B. A griculturist. 


“We recommend this very comprehensive and carefully-written book to dairy-farmers and students 
of dairying. It is a distinct acquisition to the library of the agriculturist."—A gricultural Gazette. 


SYSTEMATIC SMALL FARMING. 


Or, The Lessons of my Farm. Being an introduction to Modern Farm Practice 
for Small Farmers. By R. Scorr Burn, Author of ‘Outlines of Modern 
Farming,” &c. Crown 8vo, cloth . : 6/- 


“This is the completest book of its class we have seen, and one which every amateur farmer will read 
with pleasure, and accept as a guide."—Field. 


OUTLINES OF MODERN FARMING. 


By R.Scotr Burn. Soils, Manures, and Crops—Farming and Farming Economy 
—Cattle, mae and Horses—Management of Dairy, Pigs, and Poultry— 
Utilization of Town-Sewage, Irrigation, &c. Sixth Edition: In one vol., 1,250 
pp., half-bound, profusely Illustrated oe ele Bm 


FARM ENGINEERING, THE COMPLETE TEXT-BOOK oF. 


Comprising Draining and Embanking:; Irrigation and Water Supply; Farm 
Roads, Fences, and Gates; Farm Buildings ; Barn Implements and Machines ; 
Field Implements and Machines; Agricultural Surveying, &c. By Professor 
Joun Scott. In one vol.,1,150 pp., half-bound, with over 600 IIlustrations, 12/= 


“ Written with freat care, as well as with knowledge and ability. The author has done his work 
well; we have found him a very trustworthy guide wherever we have tested his statements. The volume 
will be of great value to agricultural students."—Mark Lane Express. 


THE FIELDS OF GREAT BRITAIN. 


A Text-Book of Agriculture. Adapted to the Syllabus of the Science and Art 
Department. For Elementary and Advanced Students. By HucH CLEMENTS 
(Board of Trade). Second Edition, Revised, with Additions. 18mo, cloth . 2/6 


“Itisa ae time since we have seen a book which has pleased us more, or which contains such a 
vast and useful tund of knowledge."—Educational Times. 


TABLES AND MEMORANDA FoR FARMERS, GRAZIERS, 
AGRICULTURAL STUDENTS, SURVEYORS, LAND AGENTS, 
AUCTIONEERS, &c. 

With a New System of Farm Book-keeping. By Sipngy Francis. Fifth 
Edition. 272 pp., waistcoat-pocket size, limp leather. ‘ 1/6 


“Weighing less than 1 oz., and occupying no more space than a match box, it contains a mass of 
tacts and calculations which has never before, in such handy form, been obtainable. Every operation 
on the farm is dealt with. The work may be taken as thoroughly accurate, the whole of the tables 
having been revised by Dr. Fream. We cordially recommend it."—Bell's Weekly Messenger. 


THE ROTHAMSTED EXPERIMENTS AND THEIR 
PRACTICAL LESSONS FOR FARMERS. 


Part I. Stock. Part II. Crops. By C.J. R. Tipper. Crown 8vo, cloth. 3/6 


‘We have no doubt that the book will be welcomed by a large class of farmers and others interested 
in agriculture.”—Standard. 
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FERTILISERS AND FEEDING STUFFS. 
‘Their Properties and Uses. A Handbook for the Practical Farmer. By 
BernarD Dyer, D.Sc. (Lond.). With the Text of the Fertilisers and Feeding 
Stuffs Act of 1893, &c. Third Edition, Revised. Crown 8vo, cloth : 1/= 


“This little book is precisely what it professes to be—'A Handbook for the Practical Farmer.’ 
Dr. Dyer has done farmers good service in placing at their disposal so much useful information in so 
intelligible a form."—The Times. 


BEES FOR PLEASURE AND PROFIT: 


Guide to the Manipulation of Bees, the Production of Honey, and the General 
Management of the Apiary. By G. GorDoN Samson. With numerous Illustra- 
tions. Crown 8vo, wrapper. : ‘ : ‘ 1/= 


BOOK-KEEPING FOR FARMERS AND ESTATE OWNERS. 


A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Jonnson M. oe Chartered Accountant. Fourth 
Edition. Crown 8vo, cloth  . : ‘ : 2/6 


“ The volume is a capital study of a most ieciten suiientie=dpicaiiaadl Gazette. 


WOODMAN’S YEARLY FARM ACCOUNT BOOK. 


Giving Weekly Labour Account and Diary, and showing the Income and 
Expenditure under each Department of Crops, Live St Dairy, &c., &c. 
With Valuation, Profit and Loss Account, and Balance Sheet at the end of 
the Year. By JoHNson M. Woopman, Chartered Accountant. Second Edition. 
Folio, half-bound . ; ; ; Ne 7/6 


“Contains every requisite for keeping he accounts ey tendily dad ecuraieiy: ‘—A griculture, 


THE FORCING-GARDEN. 


Or, How to Grow Early Fruits, Flowers, and Vegetables. With Plans and 
Estimates for Building Glasshouses, Pits and Frames. With Illustrations. 
By Samvugt Woop. Crown 8vo, cloth. ; ; . 3/6 
‘A good book, containing a great deal of valuable teaching. "Gardener's Magasing, 


A PLAIN GUIDE TO GOOD GARDENING. 


Or, How to Grow Vegetables, Fruits, and Flowers. By S. Woop. Fourth 
Edition, with considerable Additions, &c., and numerous I)lustrations. Crown 
8vo, cloth . ‘ . . 8/6 


‘““A very good book, and one to ‘be highly Pea enineded as a 5 Sractieal siide: The practical 
disections are excellent.” —Atheneum. 


MULTUM-IN-PARVO GARDENING. 


Or, How to make One Acre of Land produce 462 oa year, b res Cultivation of 
Fruits and Vegetables; also, How to Grow Flowers in th ree Glass Houses, 
so as to realise £176 per annum clear Profit. By SamvgeL Woop, Author of 
“Good Gardening,"’ &c. Sixth Edition. Crown 8vo, sewed . ‘ 1/= 


THE LADIES’ MULTUM-IN-PARVO FLOWER GARDEN. 
And Amateur’s Complete Guide. By S. Woop. Crown 8vo, cloth - 3/6 


POTATOES: HOW TO GROW AND SHOW THEM. 


A Practical Guide to the Cultivation and General Treatment of the Potato. 
By J. Pinx. Crown 8vo . ‘ : 2\- 


MARKET AND KITCHEN GARDENING. 


By C. W. Suaw, late Editor of ‘* Gardening Illustrated.’ Crown 8vo, cloth. 
3/6 
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AUCTIONEERING, VALUING, 
LAND SURVEYING, ESTATE AGENCY, ETC. 





INWOOD’S TABLES FOR PURCHASING ESTATES 
AND FOR THE VALUATION OF PROPERTIES. 


Including Advowsons, Assurance Policies, Copyholds, Deferred Annuities, 
'Freeholds, Ground Rents, Immediate Annuities, Leaseholds, Life Interests 
Mortgages, Perpetuities, Renewals of Leases, Reversions, Sinking Funds, 
&c:, &c. 27th Edition, Revised and Extended by Wu Ltiam ScHOOLING, 
F.R.A.S., with Logarithms of Natural Numbers and THoman's Logarithmic 
Interest and Annuity Tables, 360 pp.,demy 8vo,cloth . ; i Net 8/- 
** Those interested in the purchase and sale of estates, and in the adjustment of compensation cases, 
as well as an transactions in annuities, life insurances, &c., will find the present edition of eminent 
."—Engineering. 
‘* This valuable book has been.considerably enlarged and improved by the labours of Mr. Schooling, 
and is now very complete indeed."—Economist. ' 
“ Altogether this edition will prove of extreme value to many classes of professional men in saving 
them many long and tedious calculations,”"—Jnvestors’ Review, 


THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT AND VALUER’S POCKET ASSISTANT, 


For the Valuation for Purchase, Sale, or Renewal of Leases, Annuities and 
Reversions, and of property generally; with Prices for Inventories, &c. By 
OHN WHEELER, Valuer, &c. Sixth Edition, Re-written and greatly Extended 
C. Norris. Royal 32mo, cloth . : : , : i 4 2 4 
“A neat and concise book of reference, containing an admirable and clearly-arranged list of prices 
for inventories, and a very practical guide to determine the value of furniture, &c.”—Standard. 
“Contains a large quantity of varied and useful information as to the valuation for purchase, sale, or 


renewal of leases, annuities and reversions, and of property fonerally, with prices for inventories, and 
a guide to determine the value of interior fittings and other effects."— Builder. 


AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 


A Manual of Instruction and Counsel for the Young Auctioneer. By Rosertr 
Squisss, Auctioneer. Second Edition, Revised. Demy 8vo, cloth . . 12/6 


‘* The work is one of general excellent character, and gives much information in a compendious 
and satisfactory form.”—Builder. 

‘*May be recommended as giving a great deal of information on the law relating to auctioneers, in 
a very readable form."—Law Journal, : ; : ; 


THE AGRICULTURAL VALUER’S ASSISTANT. 


A Practical Handbook on the Valuation of Landed Estates; including Example 
of a Detailed Report on Management and Realisation; Forms of Valuations of 
Tenant Right; Lists of Local Agricultural Customs; Scales of Compensation 
under the Agricultural Holdings Act, and a Brief Treatise on Compensation 
under the Lands Clauses Acts, &c. By Tom BriGur, Agricultural Valuer: 
Author of * The Agricultural Surveyor and Estate Agent’s Handbook." Fourth 
Edition, Revised, with Appendix containing a Digest of the Agricultural Holdings 
Acts, 1883-1900, Crown 8vo, cloth . ; ‘ : pot ‘ Net 6/- 
‘Full of tables and examples in connection with the valuation of tenant-right, estates, labour, 
contents and weights of timber, and farm frocuee of all kinds."—A gricultural Gaxette. 


“ An eminently practical handbook, full of practical tables and data of undoubted interest and value 
to surveyors and auctioneers in preparing valuations of all kinds,"—Farmer, 


POLE PLANTATIONS AND UNDERWOODS. 


A Practical Handbook on Estimating the Cost of Forming, Renovating, Improv- 

ing, and Grubbing Plantations and Underwoods, their Valuation for Pu of 

Transfer, Rental, Sale or Assessment. By Tom Bricut. Crown 8vo, cloth 3/6 
‘* To valuers, foresters arid agents it wlll be a welcome aid."—North British A griculiurist. 


Well calculated to assist the valuer in the discharge of his duties, and of undoubted interest and 
use both to surveyors and auctioneers in preparing valuations of all kinds.”—Kent Herald. 
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AGRICULTURAL SURVEYOR AND ESTATE AGENT’S 


HANDBOOK. 
Of Practical Rules, Formulz, Tables, and Data. A Comprehensive Manual for 
the Use of Surveyors, Agents, Landowners, and others interested in the Equip- 
ment, the Management, or the Valuation of Landed Estates. By Tom Bricur, 
Agricultural Surveyor and Valuer, Author of ‘The Agricultural Valuer's 
Assistant,” &c. With Illustrations. Fcap. 8vo, Leather : - Ne 27/6 


“An exceedingly useful book, the contents of which are admirably chosen. The classes for whom 
the work is intended will find it convenient to have this comprehensive handbook accessible for 
reference."—Live Stock Journal. 

‘It is a singularly compact and well informed compendium of the facts and figures likely to be 
required in estate work, and is certain to prove of much service to those to whom it is addressed.” — 
Scotsman, 


THE LAND VALUER’S BEST ASSISTANT. 


Being Tables on a very much improved Plan, for Calculating theValue of Estates. 

With Tables for reducing Scotch, Irish, and Provincial Customary Acres to 

Statute Measure, &c. By R. Hupson, C.E. New Edition. Royal 32mo, 

leather, elastic band . : ‘ ; ; : ; : : 4/= 
‘* Of incalculable value to the country gentleman and profesSional man."—Farmers' Journal. 


THE LAND IMPROVER’S POCKET-BOOK. 


Comprising Formulz, Tables, and Memoranda required in any Computation 

relating to the Permanent Improvement of Landed Property. By JoHn Ewart, 

Surveyor. Second Edition, Revised, Royal 32mo, oblong, leather . 4/- 
‘* A compendious and handy little volume."”—S pectator. 


THE LAND VALUER’S COMPLETE POCKET-BOO 
Being the above Two Works bound together. Leather . ; : ‘ 7/6 


HANDBOOK OF HOUSE PROPERTY. 


A Popular and Practical Guide to the Purchase, Tenancy, and Compulsory Sale 
of Houses and Land, including Dilapidations and Fixtures: with Examples of 
all kinds of Valuations, Information on Building and on the right use of 
Decorative Art. By E. L. Tarsock, Architect and Surveyor. Sixth Edition. 
12mo, cloth : ‘ , ‘ : ‘ ; ‘ ; 5/- 


“ The advice is thoroughly practical."—Law Journal. 

** For all who have dealings with house property this is an indispensable guide.”"—Decoration. 

‘“‘ Carefully brought up to date, and much improved by the addition of a division on Fine Art. A 
well-written and thoughtful work.”—Land A gents’ Record. 


LAW AND MISCELLANEOUS, 
MODERN JOURNALISM. 


A Handbook of Instruction and Counsel for the Young Journalist. By Joun B. 
Mackie, Fellow of the Institute of Journalists. Crown 8vo, cloth . . 2- 


. _.““ This invaluable guide to journalism is a work which all aspirants to a journalistic career will read 
with advantage.”—Journalsst. 


HANDBOOK FOR SOLICITORS AND ENGINEERS 


Engaged in Promoting Private Acts of Parliament and Provisional Orders, for 
the authorization of Railways, Tramways, Gas and Water Works, &c. By 
L. L. Macassgy, of the Middle Temple, Barrister-at-Law, M.I.C.E. 8vo, cloth. 

£1 Ss. 


PATENTS FoR INVENTIONS, HOW To PROCURE THEM. 


Compiled for the Use of Inventors, Patentees and others. By G. G. M. 
HarpinGuam, Assoc.Mem.Inst.C.E., &c. Demy 8vo, cloth , : : 1/6 


CONCILIATION AND ARBITRATION, 
IN LABOUR DISPUTES. | 
A Historical Sketch and Brief Statement of the Present Position of the Question 
at Home and Abroad. By J. S. Jeans. Crown 8vo, 200 pp., cloth . 26 
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EVERY MAN’S OWN LAWYER. 

A Handy-Book of the Principles of Law and Equity. With a Concisz 
Dicrionary OF Lrecat Terms. By A Barrister. Forty-first Edition, care- 
fully Revised, and comprising New Acts of Parliament, including the Jfotor 
Cary Act, 1903; Employment of Children Act, 1903; Pistols Act, 1903; Poor 
Prisoners’ Defence Act, 1903; Education Acts of 1902 and 1903; Housing of the 
Working Classes Act, 1903, Etc. Judicial Decisions pronounced during the year 
have also been duly noted. Crown 8vo, 800 pp., strongly bound in cloth. 

{ Just Published. 6/8 


*,* This Standard Work of Reference forms a COMPLETE EPITOME OF THE LAWS OF 
ENGLAND, comprising (amongst other matter) : 


THE RIGHTS AND WRONGS OF INDIVIDUALS 


LANDLORD AND TENANT CRIMINAL Law 
VENDORS AND PURCHASERS PARLIAMENTARY ELECTIONS 
LEASES AND MORTGAGES County CouNcILs 
ee COMPANIES DISTRICT AND PARISH COUNCILS 
ASTERS, SERVANTS AND WORKMEN BoROUGH CORPORATIONS 
CONTRACTS AND AGREEMENTS TRUSTEES AND EXECUTORS 
MOoNEyY-LENDERS, SURETISHIP CLERGY AND CHURCHWARDENS 
PARTNERSHIP, SHIPPING Law COPYRIGHT, PATENTS, TRADE MARKS 
SALE AND PURCHASE OF GoopDs HUSBAND AND WIFE, DIVORCE 
CHEQUES, BILLs AND NOTES INFANCY, CusTopy OF CHILDREN 
BILLs OF SALE, BANKRUPTCY Pusiic HEALTH AND NUISANCES 
LIFE, FIRE, AND MARINE INSURANCE INNKEEPERS AND SPORTING 
LIBEL AND SLANDER - TAXES AND DegatH DUvTIES 


ForMS OF WILLS, AGREEMENTS, NOTICES, ETC. 


ea The object of this work is to enable those who consult it to help themselves to 
the law; and thereby to dispense, as far as possible, with professional assistance and advice. 
There ave many wrongs and grievances which persons submit to from time to time through 
not knowing how or where to apply for redvess ; and many persons have as great a dread 
of a lawyer's office as of a lion's den. -With this book at hand it ts believed that many 
@ SIX-AND-EIGHTPENCE may be saved; many a wrong redvessed; many a right reclaimed ; 
many a law suit avoided ; and many an evil abated. The work has established ttself as 
the standard legal adviser of all classes, and has also made a veputation for itself as a 
useful book of reference for lawyers residing at a distance from law libraries, who are glad 
to have at hand a work embodying recent decisions and enactments. 


~ 


*,* OPINIONS Of THE PRESS. 
‘The amount of information given in the volume is simply wonderful. The continued popularity 
of the work shows that it fulfils a useful purpose."—Law Journal. 
‘* As a book of reference this volume is without a rival."—Pali Mall Gazette. 
“‘No Englishman ought to be without this book."—Engineer. 
**Ought to be in every business establishment and in all libraries."—Shefield Post. 
“ The ‘Concise Dictionary ’ adds considerably to its value."— Westminster Gazette. 


“Itisa complete code of English Law written in plain language, which all ean understand. . . . 
Should be in the hands of every business man, and all who wish to abolish lawyers’ bills." —Weekly Times. 


‘‘A useful and concise epitome of the law, compiled with considerable care."—Law Magasine. 
‘‘A complete digest of the most useful facts which constitute English law."—Globe. 
‘‘ Admirably done, admirably arranged, and admirably cheap."—Leeds Mercury. 


' “ A concise, cheap, and complete epitome of the English law. So plainly written that he who runs 
may read, and he who reads may understand.” —Figaro. 


‘A dictionary of legal facts well put together. The book is a very useful one."—Spectator. 


LABOUR CONTRACTS. 


A Popular Handbook on the Law of Contracts for Works and Services. By 
Davip Ginsons. Fourth Edition, with Appendix of Statutes by T. F. Urtrey, 
Solicitor. Fecap. 8vo, cloth . ‘ : ; , ‘ : 3/6 


BRADBURY, AGNEW, & CO. LD., PRINTERS, .ONDON AND TONBRIDGE. 


WEALE’S SERIES 


SCIENTIFIC & TECHNICAL 
WORKS. 


‘It is not too much to say that no books have ever proved more 
popular with or more useful to young engineers and others than the 
excellent treatises comprised in WEALE's SERIEs."'"—Engineer. 


A fetu Classified List. 


PAGE PAGE 
Civil Engineering and Surveying 50 Industrial and Useful Arts . . 57 


Mining and Metallurgy .. . 61 Agriculture, Gardening, Eto. . 658 
Mechanical Engineering . . . 52 Mathematics, Arithmetio, Eto. . 60 
Navigation, Shipbuilding, Eto. . 53 Books of Reference and Mis- 

Architecture and Building . . 54 cellaneous Volumes. . . . 62 
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CIVIL ENGINEERING & SURVEYING. 
Civil Engineering. | 


By HENRY Law, M. Inst. C.E. Including a Treatise on HYDRAULIC ENGINEERING 
by G. R. BURNELL, M.I.C.E. Seventh Edition, revised, WITH LARGE ADDITIONS ON 
RECENT PRACTICE by D. KINNEAR CLARK, M. Inst. C. E. 6/6, cloth boards 7/6 


** An admirable volume, which we warmly recommend to young engineers." — Builder. 


Pioneer Engineering. 
A Treatise on the Engineering Operations connected with the Settlement of ; Waste 
Lands in New Countries. By E. Dosson, M.Inst.C.E. Second Edition. . 
‘‘Mr. Dobson is familiar with the difficulties which have to be overcome in this class of work, and 
much of his advice will be valuable to young engineers proceeding to our colonies.""— Engineering. 


Iron and Steel Bridges and Viaducts. 


A Practical Treatise upon their Construction. For the use of Engineers, Draughtsmen, 
and Students. By FRANCIS CAMPIN,C.E.. . . . . . . . 8/6 


Iron Bridges of Moderate Span: 
Their Construction and Erection. By H. W. PENDRED. With 40 illustrations 2/0 
‘Students and engineers should obtain this book for constant and practical use."—Coellicry Guardian. 


Constructional Iron and Steel Work, 
As applied to Public, Private, and Domestic Buildings. ByFRANCISCAMPIN,C.E. 3/6 
‘* This practical book may be counted a most valuable work."—British Architect. 


Tubular and other Iron Girder Bridges, 


Describing the Britannia and Conway Tubular Bridges. With a ‘Sketch of Iron 
Bridges, &c. By G. DRYSDALE Dempsey, C.F. Fourth Edition . i . 2/0 


Materials and Construction. 
A Theoretical and Practical Treatise on the Strains, Designing, and Erection of 
Works of Construction. By FRANCIS CAMPIN, C. E. Second Edition . 3/0 


‘* No better exposition of the practical application of the principles of construction has yet been 
published to our knowledge in such a cheap comprehensive form.’ —Susdding News. 


Sanitary Work in Small Towns and Villages. 
By CHARLES SLAGG, Assoc. M. Inst. C.E. Second Edition, Enlarged . 
‘¢ This is a very useful book. There is a great deal of work required to be done in the smaller towns 
and villages, and t is little volume will help those who are willing to do it."—Sxilder. 


Construction of Roads and Streets. 
. H. Law, C.E., and D. K. CLARK, C.E. Sixth Edition, revised, with Additional 
apie: by A J. WALLIS-TAYLER, A.M. Inst. C.E. [Just published. 6/O 
“A bee which every borough surveyor and engineer must possess, and which will be of considerable 
service to architects, builders, and property owners generally."—Auzlding News. 


Construction of Gas Works, 
And the Manufacture and Distribution of Coal Gas. By S. HUGHES, C.E. Re-written 
by WILLIAM RICHARDS, C.E, Eighth Edition, with important Additions 5 
“Will be of infinite service alike to manufacturers, distributors, and consumers."— Foreman Engineer. 


Water Works, for the Supply of Cities and Towns. 
With a Description of the Principal Geological Formations of England as influencin 
Supplies of Water. By SAMUEL HUGHES . 

“E one who is debating how his village, town, or city shall be ‘plentifully ‘supplied with pure 
water should read this book."—Mewcastle Courant. 


Power of Water. 
As applied to drive Flour Mills, and to give motion to Turbines and other Hydrostatie 
Engines. By JOSEPH GLYNN, F.R.S., &c. New Edition. Illustrated . . 2/0 


Wells and Well-Sinking. 
By J. G. SWINDELL, A.R.I.B.A., and G. R. BURNELL, C.E. Revised Edition 2/0 
**Solid practical information, written in a concise and lucid style. The work can be recommended 
as a text-book for all surveyors, architects, &c."—/ron and Coal Trades Review, 


Drainage of Lands, Towns, and Buildings. 
By G. D. Dempsey, C.E.  Revised,- with large Additions on Recent Practice in 
Drainage Engineering, by D. KINNEAR CLARK, M.LC.E, Third Edition . 4/6 


4 
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Blasting and Quarrying of Stone, 
For Building and other Purposes ith Remarks on the a up of Bridges. 
By Gen. Sir J. BurGoyNe, K.C.B... : ‘ ridge 


Foundations and Concrete Works. 
With Practical Remarks on Footings, Planking, Sand, Concrete, Béton, Pile-drivin 
Caissons, and Cofferdams. By E. Dosson, M.R.I.B. A Seventh Edition ; ie 


Pneumatics, 
Including Acoustics and the Phenomena of Wind Currents, for the use of eee 
By CHARLES TOMLINSON, F.R.S. Fourth Edition, enlarged. Illustrated . 16 


Land and pei erie Sou Surveying. 
For Students and ctical Use. T. BAKER, C.E. Eighteenth Edition, revised 
and extended by F. E. Dixon, A.M. Anse C.E. With Plates and Diagrams . 2/0 


Mensuration and Measuring, 
With the Mensuration and Levelling of Land for the purposes of Modern Ee 
By T. BAKER, C.E. New Edition by E. NUGENT, C.E. ‘ ‘ 1/6 





MINING AND METALLURGY. 
Mining Calculations. 


For the use of Students Preparing for the Examinations for Colliery Managers’ 
Certificates, comprising numerous Rules and Examples in Arithmetic, Algebra, and 
Mensuration. By T, A. O'DONAHUE, M.E., First-class Certificated Colliery Manager. 

(Just published. 3/6 


Mineralogy, 
Rudiments of. By A. RAMSAY, F.G.S. Third Edition. Woodcuts and Plates 3/6 


“The author throughout has dis pares an intimate knowledge of his subject, and great facility in 
imparting that knowledge to others. The book is of great utility."—A/ining Journal, 


Coal and Coal Mining, 
By the late Sir WARINGTON W. SMYTH, M.A., F.R.S., Eighth Edition, Revised and 
Extended by T. FoRSTER BROWN, Chief Inspector of the Mines of the Crown and of 
the Duchy of Cornwall . ; d [Just published. 3/6 


** Every Lair hds of the volume a anpens je have: been: ‘prepared with much care, and as an outline is 
given of every known coal-field in this and other countries, as well as of the two principal methods of 
working, the t will doubtless interest a very large number of readers." — Mining Journal. 


Metallurgy of Iron. 


Containing History of Iron Manufacture, Methods of Assay, and oe of Iron Ores, 
Processes of Manufacture of Iron and Steel, &c. By H. BAUERMAN, F.G.S., A.R.S.M. 
With numerous Illustrations. Sixth Edition, revised and enlarged . . . 8/O 


“Carefully written, it has the merit of brevity and conciseness, as to less important points; while all 
material matters are very fully and thoroughly entered into."—S/andard. 


Mineral Surveyor & Valuer’s Complete Guide. 
Comprising a Treatise on Improved Mining Surveying and the Valuation of Mining 
Properties, with New Traverse Tables. By W. LINTERN, C.E., Third Edition, with an 
Appendix on Magnetic and Angular Surveying, with Records of the Peculiarities of 
Needle Disturbances. With Four Plates of Diagrams, Plans, &c. 3/6 

** Contains much valuable information, and is thoroughly trust worthy."—/7on & Coal Trades. Review, 


Slate and Slate Quarrying, 
Scientific, Practical, and Commercial. By D. C. DAVIES, F.G.S., Mining Poe &e. 
With numerous I]lustrations and Folding Plates. Third Edition . 3/0 
‘One of the best and best-balanced treatises on a special subject that we have met with: . a 


A First Book of Mining and Quarrying. | 
By J. H. Cotiins, F.G.S. . . ». 6 
“For those concerned in schoo!s in the mining ieee this wets is tlie very thing that should be in 
the hands of their schoolmasters."—/rox. 


Subterraneous Supveying. | 
By THOMAS FENWICK. Also the Method of Conducting Subterraneous Surveys 
without the use of the Magnetic Needle, &c. By T. BAKER, C.E. . . [6 


Mining Tools, 


Manual of. By W. MorGAns, Lecturer on Mining at the Bristol School of Mines 2/8 


Mining Tools, Atlas 
Of Engravings to the above, containing 235 Illustrations drawn to Scale. gto. . 4/6 


‘* Students, Overmen, Captains, anual eg and Viewers may gain practical knowledge and useful 
hints by the study of Mr. Morgans’ Manual.’ —Colliery Guardian. 
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Physical Geology, 


Partly based on Major-General eee S ‘* Rudiments of ical ' By RALPH 
TATE, A.L.S., && Woodcuts . 2/0 


Historical Geology, 
Partly based on Major-General PORTLOCK’'s ‘‘ Rudiments.” By RALPH TATE . 2/6 


Geology, 
PHYSICAL and HISTORICAL. Consisting of ‘‘ Physical Geoiogy,” which sets forth the 
Leading Principles of the Science; and ‘‘ Historical Geology,” which treats of the 
Mineral and rene Conditions of the Earth at each successive epoch. By RALPH 
TATE, F.G.S. With 2s0 Illustrations : . 4/0 
“The fulness of the matter has elevated the book into a manual. Its information is exhaustive and 
well-arranged, so that any supject may be opened upon at once." —School Board Chronicle. 


MECHANICAL ENGINEERING. 


Workman’s Manual of ea coe Drawing. 
By JOHN MAXTON, Instructor in Engineering Drawing, Naval College, Green- 
wich. Seventh Edition. goo Plates and Diagrams. - - 8/6 
‘A copy of it should be kept for reference in every drawing office. "_ Engineering. 


Fuels: Solid, Liquid, and Gaseous. 
Their Analysis and Valuation. For the use of Chemists and Engineers. By H. J. 
PHILLIPS, F.C.S., formerly Analytical and Consulting Chemist to the Great Eastern 
Railway. Second Edition, revised al? 
and wherever 


** Ought to have its place in the ¢ Iaborato of e metallt ical establishment, and 
used on a large scale.”—Chemical ne very om ; 


Fuel, Its Combustion and Economy. 
Consisting of an nas cf ‘‘A Treatise on the Combustion of Coal and the 
Prevention of Smoke.” 4 C. W. WILLIAMS, A.I.C.E. With extensive Additions 
by D. KINNEAR CLARK, M. Inst. C.E. Third Edition, corrected. 3/6 


** Students should buy the book and read it, a as one of the most complete and satisfactory treatises on 
the combustion and economy of fuel to be had." — Engineer. 


Boilermaker’s Assistant 
In Drawing, Templating, and Calculating Boiler Work, &c. By J. COURTNEY, 
Practical Boilermaker. Edited by D. K. CLARK, C.E. Third Edition, revised 2/0 


‘With very 6, oe care we have gone through the ‘ Boilermaker’s Assistant,’ and have to say that it 
has our unqualified approval. Scarcely a point has been omitted."— Foreman Engineer. 


Boilermaker’s Ready Reckoner, 
With Examples of Practical Geometry and Templating for the Use of Platers, Smiths, 
and Riveters. By JOHN COURTNEY. Edited by D. K. CLARK, M.I.C.E. . 4/0 
*,° Zhe last two Works in One Vol., fal, “bound, entitled ‘‘ THE BOILERMAKER'S READY 
RECKONER AND ASSISTANT.” By J. CouRTNEY and D. K. CLARK. Price %/O 
‘* A most useful work. No workman or apprentice should be without it.”"—/ron Trade Circslar. 


Steam Boilers. 
Their Construction and Management. By R. ARMSTRONG, C.E, Illustrated . 1/6 


‘** A mass of information suitable for beginners.”— Design and Work. 


Steam and Machiner ry Manage agement. 


A Guide to the Arrangement and omical te ee of oe with Hints on 
Construction and Selection. By M. Powis BALE Inst. M 2/6 
‘* Gives the results of wide experience." —L/iloyd’s Newspaper. 


Steam and the Steam Engine, 


Stationary and Pees Being an Extension of the Treatise on the Steam Engine of 
Mr. J. SEWELL. B K. CLark, C.E. Third Edition 3/6 
‘* Every essential part of the aint is treated of competently, and in a popular style. "—Ivon. 


The Steam Engine, 


A Treatise on the Mathematical Theory of, with Rules and Examples for Practical 
Men. By T. BAKER, C.E. . 
““Teems with scientific information with reference to the steam-engine. "Design and Work. 


The Steam Engine. 

For the use of Beginners. By Dr. LARDNER. Iilustrated oe 4 ee oe US 
Locomotive Engines. 

A Rudimentary Treatise on. By G. D. Dempsey, C.E. With Additions treatin "5 


of the Modern Locomotive, by D. K. CLark, M. Inst. C.E. With Illustrations 3/ 
‘*A model of what an elementary tec ical book should "— Academy. 
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Locomotive Engine-Driving. 
A Practical Manual for Engineers in Charge of Locomotive Engines. By MICHAEL 
REYNOLDS, M.S.E. Tenth Edition. 3/6 limp ; cloth boards 2. | x ‘ 6 
“We can confidently recommend the book, not only to the practical driver, but to everyone who 
takes an interest in the performance of locomotive engines. "— The Exgincer. 


Stationary Engine Driving. 
A Practical Manual for Engineers in Charge of Stationary Engines. By MICHAEL 
REYNOLDS, M.S.E. Sixth Edition. 3/6 limp ; cloth boards ; : : 
**The author is rhoroughly. acquainted with his subjects, and has uced a manual which is an 
exceedingly useful one for the c or whom it is specially intended.” —LEagincering. 


Smithy and Forge. : 
Including the Farrier's Art and Coach Smithing. By W. J. E. CRANF. 18 
‘‘ The first modern English book on the subject. Great pains have been bestowed by the author 
upon the book ; shoeing-smiths will find it both useful and interesting."—Bsilder. 


Modern Workshop Practice, 
As applied to Marine, Land, and Locomotive Engines, Floating Docks, Dredgin 
Machines, Bridges, Ship-Building, &c. By J.G. WINTON. 4th Edn., Illustrated m1 
‘* Whether for the apprentice determined to master his ofession, or for the artisan bent upon raising 
himself to a higher position, this clearly-written and practical treatise will be a great help.” Scotsman. 


Mechanical Engineering. 
Comprising Metallurgy, Moulding, ting, Forging, Tools, Workshop Machinery, 
Mechanical Manipulation, Manufacture of the Steam Engine, &c. By FRANCIS CAMPIN, 
C.E. Third Edition, Re-written and Enlarged [Just published. 2/6 
‘* A sound and serviceable text-book, quite up to date."— Building News. 


Details of Machinery. 
Comprising Instructions for the Execution of various Works in Iron in the Fitting- 
shop, Foundry, and Boiler-Yard. By FRANCIS CAMPIN, C.E. . : by. 
*¢ A sound and practical handbook for all engaged in the engineering trades."—Buiiding World. 


Elementary Engineering: 
A Manual for Young Marine Engineers and Apprentices. In the Form of Questions 
and Answers on Metals, Alloys, Strength of Materials, &c. By J. S. BREWER. 
Second Edition me 8d ‘ - 1/6 


‘tA useful introduction to the more elaborate text-books."—Scotssman. 


Power in Motion: 
Horse-power Motion, ‘Toothed- Wheel Gearing, Long and Short Driving Bands, Angular 
Forces, &c. By JAMES ARMOUR, C.E. With 73 Diagrams. ‘Third Edition . 2/0 
‘( The value of the knowledge imparted cannot well be over-estimated.”—Nerucastle Weekly Chron. 


Iron and Heat. 
Exhibiting the Principles concerned in the Construction of Iron Beams, Pillars and 
Girders. By J. ARMOUR, C.E.. ; ‘ ‘ : : 6 
‘A very useful and thoroughly practical little volume." —Mining Journal. 


Practical Mechanism, 
And Machine Tools. Hy ‘IT. BAKER, C.E. With Remarks on Tools and eee 
‘ : ‘ d ‘ : l 


@ e e 


by J. NaASMyTH, C.E. o 8 . . 
Mechanics. 

Being a concise Exposition of the General Principles of Mechanical Science, and their 

Applications. By CHARLES ‘TOMLINSON, F.R.S. : : ; . : 
Cran . 

‘The Construction of, and other Machinery for Raising Heavy Bodies for the Erection 

of Buildings, kc. By JosePH GLYNN, F.R.S. 2 0. 0. weet OY 


NAVIGATION, SHIPBUILDING, ETC. 
Sailor’s Sea Book: 


A Rudimentary Treatise on Navigation. By JAMES GREENWOOD, B.A. With numerous 
Woodcuts and Coloured Plates. New and Enlarged Edition, By W. H. Rosser 2/6 
‘Is perhaps the best and simplest epitome of navigation ever compiled.” —/teld, 


Practical Navigation. 
Consisting of the SAILOR’s SEA Boox, by JAMES GREENWOOD and W. H. ROSSER ; 
together with Mathematical and Nautical Tables for the Working of the Problems, yy 
HENRY Law, C.E., and Prof. J. R. YouNG. Half-bound in leather . ; . 2 
‘© A vast amount of information is contained in this volume, and we fancy in a very short time that it 
will be seen in the library of almost every ship or yacht afloat."—//ust's Yachting Magasine. 


Navigation and Nautical Astronomy, 
In ‘Theory and Practice. By Prof. J. R. YouNG. New Edition. Illustrated . 2/6 


‘A very complete, thorough, and useful manual for the young navigator."—Odservatory. 
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Mathematical Tables, 
For Trigonometrical, Astronomical, and Nautical Calculations ; to which is prefixed a 
Treatise on Logarithms, by H. LAw, C.E. ‘Together with a Series of Tables for 
Navigation and Nautical Astronomy. By Professor J. R. YOUNG. New Edition 4/0 


Masting, Mast-Making, and Rigging of Ships. 
Also ‘Tables of Spars, Rigging, Blocks: Chain, Wire, and oe Ropes, &c., relative 
to every class of vessels. By ROBERT KIPPING, N.A. : ; ; - 2/0 


Sails and Sail-Making. 


With Draughting, and the Centre of Effort of the Sails. Weights and Sizes of Ropes ; 
Masting, Rigging, and Sails of Steam Vessels, &c. By R. KippinG, N.A. : 16 


Marine Engines and Steam Vessels. 
By R. Murray, C.E. Eighth Edition, pene Revised, with Additions by the 
Author and by GEORGE CARLISLE, C.E. » 4/6 
** An indispensable manual for the student of marine engineering. ."—L iverpool Mercurs. 


Naval Architecture. 


An Exposition of the Elementary Principles. By JAMES PEAKE. , . 8/6 
Ships for Ocean and River Service, 
rinciples of the Construction of. By H. A.SOMMERFELDr . . . . 1/6 


An Atlas of Engravings 
~ ° “To IIlustrate the above. ‘Twelve large folding Plates. Royal 4to, cloth , . 76 


Ships and Boats. 


By W. BLAND. Seventh Edition, revised, with numerous IIlustrations and Models 1/6 


ARCHITECTURE AND BUILDING. 


Constructional Iron and Steel Work, 
As applied to Public, Private, and Domestic Buildings. By FRANCIS CaAMPIN,C.E. 3/6 
** Anyone who wants a book on ironwork as employed for stanchions, columns, and beams, will find 
the present volume to be suitable."—Aritish Architect. ‘ 


Building Estates: 
A Treatise on the Development, Sale, Purchase, and pavaseen: of ane Land. 
By F. MAITLAND. Second Edition, revised 2 
“This book should undoubtedly be added to the library of every ‘professional man ’ dealing with 
building land."—Land Agent's Record. 


Seience of Building: 


An Elementary Treatise on the Principles of Construction. By E. WYNDHAM TARN, 
M.A. Lond. Third Edition, revised and enlarged ee a ee 3/ 


Art of Building, 
Rudiments of.. General Principles of Construction, Strength, and Use of Materiais, 
Working Drawings, Specifications, &c. By EDWARD DoBsOoN, M.R.I.B.A. &c. 2/0 
‘* A good book for practical knowledge, and about the best to be obtained.’ "_ Building News. 


Book on Building, 
Civil and Ecclesiastical. Ky Sir EDMUND BECKETT, Bart., LL.D., Q.C., F.R.AS., 
Author of '‘ Clocks and Watches and Bells,” &c. Second Edition, enlarged... 4/6 
** A book which is always amusing and nearly always instructive.” — 7imes. 


Dwelling-Houses, 


Krection of, Illustrated by a Perspective View, Plans, Elevations, and Sections of a Pair 
of Villas, with the Specification, Quantities, and Estimates. By S.H. Brooks 2/6 


Cottage Building. 


By C. BRUCE ALLEN. Eleventh Edition, with i aad on Economic ee for 
Allotments by E. E. ALLEN, C.E.. ; - 2/0 


Acoustics of Public Buildings: : 
The Laws of Sound as applied to the Arrangement of Buildings. By Professor 
T. ROGER SMITH, F.R.1.B.A. New Edition, revised. With numerous Ilustrations. 
[ Just published. 1/6 
Practical Bricklaying. 
General Principles of Bricklaying; Arch Drawing, Cutting and Seng) Se : 
Paving, Tiling, &c. By ADAM HAMMOND. With 68 Woodcuts 1/6 
The young bricklayer will find it infinitely valuable to him."—G/lasgow Herald. 


Art of Practical Brick-Cutting and Setting. 


By ADAM HAMMOND, With go Engravings : - +6 
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Brickwork: 
Embodying the General and Higher Principles of Bricklaying, Cutting and Settin 
with the Application of Geometry to Roof Tiling, &c. By F. WALKER 1 

** Contains all that a young tradesman or student needs to learn from books.” —Building News. 


Bricks and Tiles, 
Rudimentary ‘Treatise on the Manufacture of. Containing an Outline of the Principles 
of Brickmaking. By E. Dornson, M.R.I.B.A. Additions by C. ToMLinson, F.R.S. 
Illustrated . - 3/0 
“ The best handbook on the subject. We can ‘safely recommend it asa good i investment. "—Builder. 


Practical Brick and Tile Book. 


Comprising : BRICK AND TILE MAKING, by E. DoBSON, M.Inst.C. E.; Practical BRIcK- 
LAYING, by A. HAMMOND ; BRICK-CUTTING and SETTING, ye HaMMonD. 559 
with 270 Illustrations, strongly half-bound : d/o 


Carpentry and Joinery— 

HE ELEMENTARY PRINCIPLES OF CARPENTRY. Chiefly composed from the Standard 
Work of THOMAS ‘TREDGOLD, C.E. With Additions, and a TREATISE ON 
JoINerY by E. W. TARN, M.A. Sixth Edition, revised and extended . . 8/6 


Carpentry and Joinery. 
Atlas of 35 Plates to accompany and illustrate the foregoing book. With Descriptive 
Letterpress. 4to. ; oO 
‘* These two volumes forma complete treasury of carpentry and j joinery, and should be i in the! hands of 
every carpenter and joiner in the Empire.”—/ron. 


Practical Treatise on Handprailing : 
Showing New and Simple Methods. By GEO. COLLINGs. Second Edition, Revised, 
including a TREATISE ON STAIRBUILDING. With Plates 2/6 
*¢ Will be found of practical utility in the execution of this difficult branch of j joinery. ”__ Builder. 


Circular Work in Carpentry and Joinery. 
A Practical Treatise on Circular Work of Single and Double Curvature. By GEORGE 
COLLINGS. Second Edition ‘ - . 2/6 
**Cheap in price, clear in definition, and practical i in the examples selected.” Builder. 


Roof Carpentry : 
Practical Lessons in the Framing of Wood Roofs. For the use of Working Carpenters. 
By GEo. COLLINGS, Author of ‘* Handrailing and Stairbuilding,’’ &c, ‘ ‘ Oo 


Construction of Roofs, of Wood and Iron: 
Deduced chiefly from the Works of Robison, Tredgold, and Humber. By E. 
WYNDHAM TARN, M.A., Architect. Second Edition, revised 
‘* Mr. Tarn is so thoroughly master of his subject, that although the treatise was founded on the works 
of others he has given it a distinct value of his own. It will be found valuable by all students."— Builder. 


The Joints Made and Used by Builders. 


By WyvVILL J. CHRISTY, Architect. With 160 Woodcuts ; 4 . 3/0 
‘© The work is deserving of high commendation."—Butlder. 
Shoring, 


And its Application : A Handbook for the use of Students. By G. H. BLAGROVE 1/6 
‘© We recommend this valuable treatise to all students.” —Building News. 


Timber Importer’s, Timber Merchant’s, and 


. Builder’s Standard Guide. 
By R. E. GRANDY. 

“ Everything it pretends to be: built up gradually it leads one from a forest toa treenail, and throws 
an, as a makeweight, a host of material concerning bricks, columns, cisterns, &c.”—English Mechanic. 
Plumbing : 

A Text-Book to the Practice of the Art or Craft of the Plumber. | With Chapters upon 
House Drainage and Ventilation. By WM. PATON BUCHAN, R.P., Sanitary Engineer. 
Eighth Edition, Re-written and Enlarged, with 500 Illustrations . ; 

“A text-book which may be safely put into the hands of every young plumber, and which ‘will also 

be found useful by architects and medical professors.” —Builder. 

Ventilation: 
A Text-Book to the Practice of the Art of Ventilating Buildings. 2 W. P. BUCHAN, 
R.P., Author of ‘‘ Plumbing,” &c. With 170 Illustrations : ; . 3/6 


The Practical Plasterer: 
A Compendium of Plain and Ornamental Plaster Work. By WILFRED KEMP 2/O 


House Painting, Graining, Marbling, and Sign 


Writing: 
With a Course of Elementary Drawing, and a Collection of Useful Receipts. By ELLIs 
A. Davipson. Eighth Edition. Coloured Plates. ; ; . &/0 


*,* The above, in cloth boards, strongly bound, 6/0. 
**A mass of information of use to the amateur and of value to the practical man.”—Eaglish Mechanic. 
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Grammar of Colouring. 
Applied to Decorative Painting and the Arts. By GEORGE FIELD. New Edition, 
revised and enlarged by ELLs A. DAVIDSON. With Coloured Plates . . 8/O 
** The book is a most useful résumé of the properties of pigments." —Bxtlder. 


Elementary Decoration: 
As Applied to Dwelling-Houses, &c. By JAMES W. FAacgy. Illustrated . 


0 
“The panciplss which ought to guide the decoration of dwelling-houses are clearly set forth, i 
elucidated by examples; while full instructions are given to the learner.” —Scotsman. 


Practical House Decoration. 
A Guide to the Art of Ornamental Painting, the Arran ie of Colours in Apartments, 
and the Principles of Decorative Design. By JAMES W. FACEY ‘ 2/6 
"4" The last two Works in One handsome Vol., half-bound, entitled ‘‘ HOUSE DECORATION, 
ELEMENTARY AND PRACTICAL,” price 5/0. 


Portland Cement for Users. 
By Henry Fayya, A.M. Inst. C.E. Third Edition, corrected . 2/0 
** Supplies in a small compass all that is necessary to be known by users of cement. "Building News. 


mua Cements, Mortars, Concretes, Mastics, 


lastering, &c. 
By G. R. BURNELL, ‘Thirteenth Edition. 3. 3. 2... 1/6 


Masonry and Stonecutting, 


The Principles of Masonic sa and their aERen to pooner B 
E. Dosson, M.R.1.B.A. 6 


Arches, Piers, Buttresses, &e. 
Experimental Essays on the Principles of Construction in. By WILLIAM BLAND 1/6 


Quantities and Measurements, 
In Bricklayers’, Masons’, Plasterers’, Plumbers’, Painters’, Paperhangess’,, Gilders’, 
Smiths’, Carpenters’ and Joiners’ Work. By A. C. BEATON, Surveyor . . 1/6 
“ This book is in ispensable to builders and their quantity clerks.” —Englisk Mechanic. 


Complete Measurer; 
Setting forth the Measurement of Boards, Glass, Timber, and Stone. By R. Horton. 
Fifth Edition —.. F : ~ 4/0 
ood he above, strongly ‘bound in leather, price 5/0. 


Light : 
An Introduction to the Science of Optics, Designed for the Use of Students of 
Architecture, Engineering, and other Applied Sciences. By E.W. TARN, M.A... W6 


Hints to Young Architects. 
By GEORGE WIGHTWICK, Architect, Author of ‘‘ The Palace of Architecture,” &c., &e. 
Fifth Edition, revised and enlarged by G. HUSKISSON GUILLAUME, Architect. ‘3/6 
‘* A copy ought to be considered as necessary a purchase as a box of instruments.”—A rchitect. 


Architecture—Orders. 
The Orders and their A‘sthetic Principles.) By W.H. LEEps. Illustrated . V6 


Architecture—Styles. 
The History and Description of the Styles of Architecture of Various Countries, from 
the Earliest to the Present Period. By T. TALBoT Bury, F.R.1.B.A., &c. Illus- 
trated . - 2/0 
‘ORDERS AND STYLES OF ARCHITECTURE,” in One Vol., 3/6. 


Architecture— Design. 
The Principles of Design in Architecture, as deducible from Nature and exemplified in 
the Works of the Greek and Gothic Architects. By Epw. L. GARBETT, Architect 2/6 
‘“We know no work that we would sooner recommend to an attentive reader desirous to obtain clear 
views of the nature of architectural art. The took is a valuable one.”—Bailder 
6" The three preceding Works in One handsome Vol., fatfoownd, entitled ‘‘ MODERN 
ARCHITECTURE,” price 6/0. 


Architectural Modelling in Paper, 
The Art of. By IT. A. RICHARDSON ith Mlustratione, engraved by O. Jewitt W6 
‘*A valuable aid to the practice of architectural modelling." —Builder’s Weekly Reporter. 


Perspective for Beginners. 
For Students and Amateurs in Architecture, Painting, &. ByG.PYNE . . 2/0 


Glass Staining, and the Art of Painting on Glass. 
From the German of Dr. GESSERT and EMANUEL OTTO FROMBERG. Witb an 
Appendix on THE ART OF ENAMELLING  . ‘ ; ‘ ; ° : : 
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Vitruvius—The Architecture of Marcus Vitruvius 


Pollio. 
In Ten Books. Translated from the Latin by JosEPH GwWILT, F.S.A., F.R.A.S. 
With 23 Plates . . 8/0 
N.B.— This ts the only Edition of VITRUVIUS procurable ata moderate price. 


Grecian Architecture, 
An Inquiry into the Principles of Beauty in; with an Historical View of the Rise and 
Progress of the Art in Greece. By the ARLOF ABERDEEN. - Oo 
- %. The two preceding Works in One handsome Vol., half-bound, entitled ‘* ANCIENT 
ARCHITECTURE,” price 6/0. 


INDUSTRIAL AND USEFUL ARTS. 


Cements, Pastes, Glues, and Gums. 
A Guide to the Manufacture and Application of Agglutinants for Workshop, Laboratory, 
or Office Use. With goo Recipes and Formulz. By H.C. STANDAGE 2/0 
‘* As a revelation of what are considered trade secrets, this book will arouse an amount of curiosity 
among the large number of industries it touches.”— Daily Chronicle. 


Clocks and Watches, and Bells, 
A Rudimentary * Treatise. By Sir EoMUND BECKETT. Seventh Edition. . 4/6 
*.* Lhe above, handsomely bound, Cloth Boards, 5/6. 
‘* The best work on the oe probably extant. The treatise on bells i is undoubtedly the best in the. 
language.” —Eagincering. he only modern treatise on clock.«making."—Hovrological Journal. 


Electro-Metallurgy 
Practically Treated. By ALEXANDER WATT. Tenth Edition, enlarged and evie 


With Additional Ilustrations, and including the most Recent Processes . ‘ 
** From this hook both amateur and artisan may learn everything necessary.”—J/ron. 


Goldsmith’s Handbook, 


Containing full Instructions in the’ Art of Alloying, Melting, Reducing, Colouring, 

Collecting, and Refining. The processes of Manipulation, Recovery of Waste, 

Chemica] and Physical Properties of Gold ; Solders, Enamels, and other useful Rules 

and Recipes, &c. By GEORGE E. Gee. Third puon considerably enlarged 3/O 
** A good, sound, technical educator.”—Horological Journal. 


Silversmith’s Handbook, 
On the same plan as the above, By GEORGE E. GEE. Second Edition, Revised 8/0 
oe A valuable sequel to the author's ‘ Practical Goldworker.'"—Silversmith's Trade Journal. 
* The two preceding Works, in One handsome Vol., kalf-bound, entitled “THE 
/O. 











GOLDSMITH’'S AND SILVERSMITH’S COMPLETE HANDBOOK,” 


tense: of Jewellery. 
Comprising an account of all the different Assay Towns of the United Kingdom; with 
the Stamps at present employed ; also the Laws relating to the Standards and Hall- 
Marks at the various Assay Offices. By GEORGE E. GEE. ‘ 
‘“Deals thoroughly with its subject from a manufacturer's and dealer's point of view. "Jeweller. 


Freneh Pollshing and Enamelling. 
A Practical Book of Instruction, including numerous Recipes for making Polishes, 
Varnishes, Glaze-Lacquers, Kevivers, etc. By RICHARD BITMEAD. 


[ Just published. 1/6 
Practical Organ Buildin 
y W. E. Dickson, M.A., Precentor of Ely Cathedral. Second Edition, Revised 2/6 


‘sia amateur builder will find in this book all that is necessary to enable him personally to construct 
a perfect organ with his own hands.” —Academy. 


Coach-Building: 
A Practical Treatise, Historical and Descriptive. By JAMES W. BurGEss . 2/6 


“This handbook will supply a long-felt want, not only to manufacturers themselves, but more 
particularly apprentices, and others connected with the trade of coach-building."—Zuropean Mail. 


The Cabinet-Maker’s Guide 
To the Entire Construction of Cabinet-Work, including Veneering, Marqueterie, Buhl- 
Work, Mosaic, Inlaying, Working and Polishing Ivory, Trade Recipes, &c. By 
RICHARD BITMEAD. With Plans, Sections, and Working Drawings. 


(Just published. 2/6 
Brass Founder’s Manual: 


Instructions for oe Pattern mene: Rowen: Turning, &c. By W. 
GRAHAM. . 8 wh lel elle 6D 


Sheet Metal-Worker’s Guide. 
A Practical Handbook for ‘Tinsmiths, W. Jo CRANE. Zineworkers, &e., with 46 
Diagrams and Working Patterns. By CRANE. Second Edition, revised 1/6 
“‘ The author has acquitted himself with ee tact in choosing his examples, and with no 
less ability in treating them." —Plssder. 
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Sewing Machinery. 
Construction, History, Adjusting, kc. By J. W. URQUHART, C.E.. . . 2/0 


Gas Fitting: 
A Practical Handbook. By JOHN BLACK. Revised Edition. With 130 Illustrations 2/6 
‘It is written in a simple practical style, and we heartily recommend it."—Plusber and Decorator. 
Construction of Door Locks. 
From the Papers of A. C. Hosrs. Edited by CHARLES TOMLINSON, F.R.S. With 


a Note upon IRON SAFES by ROBERT MALLET. Illustrated. . - . 26 

The Model Locomotive Engineer, Fireman, and 
Engine-Boy. 

By MICHAEL REYNOLDS, ~ .»« « . 8/6 


Art of Letter Painting ‘made Easy. 
By JAMES GREIG BADENOCH. With 12 full-page Engravings of Examples. . 1/6 


“Any intelligent lad who fails to turn out decent work after studying this system, has mistaken his 
‘vocation. re aglish Mechanic. 


Art of Boot and Shoemaking, 


Including Measurement, Last-fitting, Cutting-out, Closing and Making; with a 
Description of the most Approved Machinery employed. By J. B. LENo » 2/0 
‘* By far the best work ever written on the subject."—Scottish Leather Trader. 


Mechanical Dentistry : 
A Practical Treatise on the Construction of the Various Kinds of Artificial Dentures, 
comprising also Useful Forniulz, Tables and Receipts. By C. HUNTER , - 3/0 


Wood Engraving: 


A Practical and Easy Introduction to the Study of the Art. By W. N. Brown 1/6 


Laundry Management. 
A Handbook for Use in Private and Public Laundries. Including Accounts of Modern 
Machinery and Appliances. By the Epitor of Zhe Laundry Journal . . 2/0 
‘‘ This book should certainly occupy an honoured place on the shelves of all housekeepers who wish 
to keep themselves au courant of the newest appliances and methods."—7/he Queen. 


AGRICULTURE, GARDENING, ETC. 
Draining: and Embanking. 


A Practical ‘lreatise. By JonuN Scorrt, late Professor of Agriculture and Rural Economy 
at the Royal Agricultural College, Cirencester. With 68 Illustrations . 7 -. YE 
‘*A valuable handbook to the engineer as well as to the surveyor."—Zand. 


irrigation and Water Supply: 
A Practical ‘Treatise on Water Meadows, Sewage Irrigation, Warping, &c.; on the 
Construction of Wells, Ponds, and Reservoirs, &c. By Professor J.Scorr . 1/6 
‘* A valuable and indispensable book for the estate manager and owner."—Forestry. 


Farm Roads, Fences, and Gates: 
A Practical ‘Treatise on the Roads, ‘Tramways, and Waterways of the Farm ; the Prin- 
ciples of Enclosures ; and on Fences, Gates, and Stiles. By Prof. JOHN Scorr . 1/6 
‘* A useful practical work, which should be in the hands of every farmer.” —Farmer. 


Farm Buildings: 
A Practical ‘Treatise on the Buildings necessary for various kinds of Farms, their 
Arrangement and Construction, with Plans and Estimates. By Professor J. Scott 2/0 
‘* No one who is called upon to design farm buildings can afford to be without this work."—BSxilder. 


Barn Implements and Machines: 
_ Treating of the Application of Power to the Operations of Agriculture ; and of the 
various Machines used in the Threshing-barn, in the Stockyard, Dairy, &. B 
Professor Joun Scorr., With 123 Illustrations. 8 ‘ ‘ 2/6 


Field Implements and Machines: 
With Principles and Details of Construction and Points of Excellence, their Manage- 
ment, &c. By Professor JOHN ScoTT. With 138 Illustrations . 


Agricultural Surveying: 
A Treatise on Land Surveying, Levelling, and Setting-out ; with Directions for 
Valuing and Reporting on Farms and I‘states. By Professor J. Scotr . W/6 


Farm Engineering. 
By Professor JoHN Scorr. Comprising the above Seven Volumes in One, 1,150 aye 
and over 600 Illustrations. Half-bound 
** Afcopy of this work should be treasured up in every library where the owner thereof i is in any way 
connected with land."—Farm and Home. 
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Outlines of Farm Management. 
Treating of the General Work of the Farm; Stock; Contract Work; Labour, &c. By 
R. Scotr Burn, Author of ‘‘ Outlines of Modern Farming,” &e. : 4 2/8 


“The book is eminently practical, and may be studied with advantage by beginners in agriculture, 
while it contains hints which will be useful to old and successful farmers.” —Scotsman. 


Outlines of Landed Estates Management. 
Treating of the Varieties of Lands, Methods of Farming, the Setting-out of Farms, &c.; 
Roads, Fences, Gates, Irrigation, Drainage, &c. By R.S. BURN ; ‘ ‘ | 


‘* A complete and comprehensive outline of the duties appertaining to the management of landed 
estates."—/Journal of Forestry. 


Soils, Manures, and Crops. 


(Vol. I. OUTLINES OF MODERN FARMING.) By R. Scott BuRN. Woodcuts. 2/0 


Farming and Parone Economy, 
Historical and Practical. (Vol. II. OUTLINES OF MODERN FARMING.) By R. a 
BURN . ‘ : . . ‘ . &/ 


“‘ Eminently ean: to enlighten the agricultural community on the ibe sihiects of which it 
treats ; hence it should find a place in every farmer's library.”—City Press. 


Stock: Cattle, Sheep, and Horses. 
(Vol. III. OUTLINES OF MODERN FARMING.) By R. Scott BuRN. Woodcuts 2/6 


‘* The author’s grasp of his subject is thorough, and his grouping of facts effective. . . . Wecom- 
mend this excellent treatise.”"-— Weekly Dispatch. 


Dairy, Pigs, and Poultry. 
(Vol. IV. OUTLINES OF MODERN FARMING.) By R. Scorr Burn. Woodcuts 2/0 


‘We can testif to the clearness and intelligibility of the matter, which has been compiled from the 
best authorities."—London Review. 


Utilization of Sewage, Irrigation, &c. 
(Vol. V. OUTLINES OF MODERN FARMING.) By R. Scott BuRN. Woodcuts 2/6 


** A work containing valuable information, which will recommend itself to all interested in modern 
farming.” — Field. 


Outlines of Modern Farming. 
By R. Scott Burn, Author of ‘‘ Landed Estates Management,” &c. Consisting of the 
above Five Volumes in One, 1,250 pp., profusely Illustrated, half-bound . 12/0 


“The aim of the author has been to make his work at once comprehensive and trustworthy, and in 
this aim he has succeeded to a degree which entitles him to much credit."—Morning Advertiser. 


Book-keeping for Farmers and Estate Owners. 
A Practical Treatise, presenting, in Three Plans, a System adapted for all classes of 
Farms. By J. M. WoopMAN, Chartered Accountant. Fourth Edition . . 2/6 


‘* Will be found of great assistance by those who intend to commence a system of book-keeping, the 
author’s examples being clear and explicit, and his explanations full and accurate.”"—Live Stock Journal. 


Ready Reckoner for Admeasurement of Land. 
By A. ARMAN. Third Edition, revised and extended by C. Norris, Surveyor . 2/0 


** A very useful book to all who have land to measure.”—Mark Lane Ex ress. 
‘* Should he in the hands of all persons having any connection with land."—/rish Farin. 


Ready Reckoner for Millers, Corn Merchants, 
And Farmers. Second Edition, revised, with a Price List of Modern Flour Mill 
Machinery. By W. S. Hutton, C.E. ; ; ‘ - 2/0 


* Will prove an indispensable vade mecum. Nothing has been caared to rake he book complete and 
perfectly adapted to its special purpose.”—Afiller. 


The Hay and Straw Measurer: 
New Tables for the use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c., 
forming a complete Calculator and Ready Reckoner. By JOHN STEELE . . 2/0 


** A most useful handbook. It should be in every professional office where agricultural valuations are 
conducted.”"—Land Agent’s Record. 


Meat Production: 
A Manual for meee Distributors, and Consumers of Butchers’ Meat. = JOHN 
EwaRT . rr ee ae ee ee ee ee ee 2/6 
‘* A compact and handy voluce on the meat question.” —A/feal and Provision Trades Review. 
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Sheep: 
The History, Structure, coe and Diseases of. By W. C. SPOONER. rae oa 
with Engravings, including Specimens of New and Improved Breeds . 3/6 
** The book is decidedly the best of the kind in our language.” —Scotsman. 


Market and Kitchen Gardening. 
By C. W. SHAW, late Editor of ‘‘ Gardening Illustrated” . . 3/6 
** The most valuable compendium of kitchen and market-garden work published. —Farmer. 


Kitehen Gardening made Easy. 


Showing the best means of Cultivating every known V le and Herb, &c., with 
directions for management all the year round. By Geo. M. F. GLENNY. Illustrated 1/6 
“* This book will be found trustworthy and useful."—North British Agriculturist. 


Cot e Gardening; 
Or, Flowers, Fruits, and Vegetables for Small Gardens. By E.Hoppay . . 1/6 
‘Definite instructions as to the cultivation of small gardens.” —Sco/smas. 


Garden Receipts. 


Edited by. CHARLES W. QuIN. Third Edition . . ; -. ese 
‘* A singularly complete collection of the principal receipts needed by gardeners.’ Farmer, 
Fruit Trees, 


The Scientific and Profitable Culture of. From the French of M. Du BREUIL. Fourth 
Edition, carefully Revised by GEORGE GLENNY. With 187 Woodcuts ‘ . 8s 
‘* The book teaches how to prune and train fruit trees to perfection.”—Fie/d. 


Tree Planter and Plant Propagator: 
With numerous Illustrations of Grafting, Layering, Budding, Implements, Houses, 
Pits, &c. By S. Woop, Author of ‘‘ Good Gardening,” &c. 
" Sound in its teaching and very comprehensive in its aim. It is a good "book." —Gardeners' Magazine. 


Tree Pruner: 
Being a Practical Manual on the Pruning of Fruit Trees, including also their tee 
Renovation, also treating of the Pruning of Shrubs, Climbers, and Flowering Plants. ith 
numerous Illustrations. By SAMUEL Woop, Author of ‘‘Good Gardening,” &c. 
‘* A useful book, written by one who has had great experience."—Jfavk Lane Express. 
*.* The above Two Vols. in One, handsomely half-bound, entitled ‘‘THE TREE PLANTER, 
PROPAGATOR AND PRUNER.” By SAMUEL Woop. Price 3/6. 


Art of Grafting and Budding. 


By CHARLES BALTET. With Illustrations . ~ 8 © © 6 « BB 
‘The one standard work on this subject."— Scotsman. " 


MATHEMATICS, ARITHMETIC, ETC. 


Descriptive Geometry, 
An Elementary Treatise on ; with a Theory of Shadows and of Perspective, extracted 
from the French of G. MONGE. ‘To which is added a Description of the Principles and 
Practice of Isometrical Projection. By J. F. HEATHER, M.A. With 14 Plates. 2/0 


Practical Plane Geometry : 
Giving the Simplest Modes of Constructing Figures contained in one Plane and 
Geometrical Construction of the Ground. By F. HEATHER, M.A. . 2/0 
“The author is well-known as an experienced professor, and the volume contains as complete a 
collection of problems as is likely to be required in ordinary practice.” —<A rchitect. 


Analytical Geometry and Conic Sections. 
By JAMES HANN. New Edition, Enlarged by Professor J. R. YOUNG . 2/0 
** The author's style is exceedingly clear and sim e, and the book is well adapted for_the beginner 
and those who may be obliged to have recourse to self-tuition."— Zag ineer. 


~ 


Euclid, 
THE ELEMENTS OF ; with many Additional Propositions and Explanatory Notes; to 
which is prefixed an Introductory Essay on Logic. By HENRY LAW,C.E. 2/6 
*,* Sold also separately, viz. -— 
Euciip. The First Three Books. By HENRY LAw, C.E. . : ‘ 4 ‘ ue 
EucLip. Books 4, 5,6, 11,12. By HENRY Law, C.E. . : ; : . We 


Plane Trigonometry, - 
The Elements of. By JAMES HANN, M. A. Sixth Edition - ww le US 
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Spherical Trigonometry, 
The Elements of. By JAMES HANN. Revised by CHARLES H. DowLING, C.E. 1/0 
*.* Or with ‘' The Elements of Plane Trigonometry,” in One Vol., 2/6. 


Differential Calculus, 


Elements of the. By W. S. B. WooLHousE, F.R.AS.,&. . . . . 21/6 
Integral Calculus. 

By HOMERSHAM Cox, B.A... wee ee tee Of 
Algeb 


The Elements of. By JAMES HADDON, M.A., formerly Mathematical Master of King’s 
College School. Wit pubes containing Miscellaneous emveaigations, and a col- 
lection of Problems __. ; 3/0 


Key and Companion to the Above. 
An extensive repository of Solved Examples and Problems in Illustration of the 
various Expedients necessary in Algebraical Operations. By J. R. YouNG 


Commercial Book-keeping. 
With Commercial Phrases and Forms in English, French, Italian, and German. B 
JAMES HADDON, M.A., formerly Mathematical Master, King’s College School . 1/6 


Arithmetic, 


A Rudimentary Treatise on : with full Explanations of its Theoretical Principles, and 
numerous Examples for Practice. For the use of Schools and for Self-Instruction. Bv 
J. R. YOUNG, late Professor of Mathematics in Belfast College. Eleventh Edition 1/6 


Key to the Above. 
By J.R. Younc .. ;. « ww &§ % & «& wz M6 


Equational Arithmetic, 
oe to Questions of Interest, Annuities: Life Assurance, and General Commerce : 
with various Tables by which e calculations omay be areas facilitated. By W. 
HIPSLEY. 1/6 


Arithmetic, 


Rudimentary, for the Use of Schools and Pear By JAMES HADDON, M.A. 
Revised by ABRAHAM ARMAN ~ w « a og ab 


Key to the Above. 
By A. ARMAN ‘ e oe at Sy 2. =» ‘ss 2/6 


Mathematical Instruments, 
A Treatise on ; Their Construction, Adjustment, Testing, and Use concisely explained. 
By J. F. HEATHER, M.A., of the Royal Military Academy, Woolwich. Fourteenth 
Edition, Revised with Additions, by A. T. WALMISLEY, M.I.C.E., Fellow of the 
Surveyors’ Institution. Original Edition in One Vol., Illustrated —.. 2/0 
©," Jn ordering be careful to say ‘* Original Edition,” to distinguish tt from the Enlarged 
Edition in Three Vols. (see below). 


Drawing and Measuring Instruments. 
Including—I. Instruments employed in Geometrical and Mechanical Drawing, and in 
the Construction, Copying, and Measurement of Maps and Plans. IJ. Instruments 
used for the purposes of Accurate Measurement, and for Arithmetical oer ara 
By J. F. HEATHER, M.A. ; ‘ . ; ‘ é ‘ / 


Optical Instruments. 


Including (more es ially) Telescopes, Microscopes, and Apparatus for producin 
copies of Maps and Plans by Photography. By J. F. HEATHER, M.A. Itlustrated 1/6 


Surveying and Astronomical Instruments. 
Including—I. Instruments used for Determining the Geometrical Features of a pamon 
of Ground. II. Instruments PONS in Astronomical Observations. By J. 
HEATHER, M.A. Illustrated ; 6 
*," The above Three Volumes form an enlargement of the Author's original work, 
** Mathematical Instruments,” price 2/Q. 


Mathematical Instruments: 
Their Construction, Adjustment, Testing and Use. one Drawing, Measuring, 
Optical, Surveying, and Astronomi Instruments. J. F. HEATHER, M. 
Enlarged Edition, for the most part re-written. Three Parts asabove. 4/6 


** An exhaustive treatise, belonging to the well-known Weale's Series. Mr. Heather's experience 
well qualifies him for the task he has so ably fulfilled."—Eaginecering and Building Times. 


Slide Rule, and How to Use It. 
Containing full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidit and accuracy. By wioners HOARF, C.E. With a peu Rule, 
in tuck of cover. Fifth Edition . ‘ ; 16 
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Mathematical Tables, 
For Trigonometrical, Astronomical, and Nautical Calculations ; to which is prefixed a 
Treatise on Logarithms. By H. Law, C.E. Together with a Series of Tables for 
Navigation and Nautical Astronomy. By Professor J. R.YOUNG. New Edition 4/0 


Logarithms. 
With Mathematical Tables for Trigonometrical, Astronomical, and Nautical Calcula- 
tions. By HENRY LAW, C.E, Revised Edition. (Forming part of the above work) 3/0 


Theory of Compound Interest and Annuities: 
With Tables of Logarithms for the more Difficult Computations of Interest, Discount, 
Annuities, &c., in all their Applications and Uses for Mercantile and State 
By FEDOR THOMAN, of the Société Crédit, Mobilier, Paris. Fourth Edition . 4/0 


‘** A very powerful work, and the author has a very remarkable command of his subject."—Professor 
A. DE Morcan. ‘‘ We recommend it to the notice of actuaries and accountants.” — 4 thenaus. 


Treatise on Mathematics, 
As applied to the Constructive Arts. By FRANCIS CAMPIN, C.E., &c. 2nd Edn. 3/O 
**Should be in the hands of every one connected with building construction."—Bsilders’ Reporter. 


Astronomy. 
By the late Rev. ROBERT MAIN, M.A., F.R.S. Third Edition, revised and corrected. 
By WILLIAM THYNNE Lynn, B.A., F. RAS... -  « 2/0 


‘* A sound and simple treatise, very carefully edited, and a capital book for bevilinenks '"—K norledge. 


Statics and Dynamics, : 
The Principles and Practice of ; embracing also a clear development of Hydrostatics, 
Hydrodynamics, and Central Forces. By T. BAKER, C.E. Fourth Edition . 1/6 


BOOKS OF REFERENCE AND 
MISCELLANEOUS VOLUMES. 


Manual of the Mollusca: 
A Treatise on Recent and Fossil Shells. By Dr. S. P. Woopwarp, A.L.S. With 
Appendix by RALPH TATE, A.L.S., F.G.S. With numerous Plates a 
Woodcuts . : : ° : ; ‘ 
‘A storehouse of carichologieal and geological ‘nifotination: "_ Hardwicke’ s Science Gossip. 


Dictionary of Painters, 
And Handbook for Picture Amateurs ; being a Guide for Visitors to Public and Private 
Picture Galleries, and for Art Students, ee aoe of Terms, &c. By PHILIPPE 
DARYL, B.A. x Ow . 2/6 
‘* Considering its small compass, seally admirable, We cordially pecommnend the book." —Builder. 


Painting Popularly Explained. 
By THOMAS JOHN GULLICK, Painter, and JOHN Tims, F.S.A. Including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, ‘Tempera, Encaustic, Miniature, Painting on 
Ivory, Vellum, Pottery, Enamel, Glass, &c. Fifth Edition. ; ; : - &/0 
*,* Adopted as a Prize Book at South Kensington. 


** Much may be heared: even by those who fancy they do not require to be taught, from the careful 
perusal of this inoretending "but comprehensive treatise."—Art Journal, 


Dictionary of Terms used in Architecture, 
ae Engineering, Mining, Metallurgy, Archaeology, the Fine Arts, &c. 
se JOHN WEALE. Sixth Edition. Edited by Rost. Hunt, F.R.S., ere of 
ining Records, Editor of ‘' Ure’s Dictionary.” Numerous lllustrations . 5/0 
*.* The above, strongly bound in cloth boards, price 6/O. 
* The best small technoldgical dictionary in the language. "—Architect. 


Music, 
A Rudimentary and Practical Treatise on. By CHARLES CHILD SPENCER - 2/6 


‘* Mr. Spencer has marshalled his information with much skill, and yet with a simplicity that must 
recommend hie works to all who wish to thoroughly understand music."— Weekly Times. 


Pianoforte, 
The Art of Playing the. With Exercises and Lessons. By C.C.SpENCER . 1/6 


“* A sound and excellent work, written with spirit, and calculated to inspire the pupil with a desire to 
aim at high accomplishment in the art."—School Board Chronicle. 
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House Manager: 
Being a Guide to Housekeeping, Practical Cookery, Pickling and Preserving, House- 
hold Work, Dairy Management, the Table and Dessert, Cellarage of Wines, Home- 
brewing and Wine-making, the Bondoir and Dressing-room, Travelling, Stable 
Economy, Gardening Operations, &c. By AN OLD HOUSEKEEPER 3 


"We find here directions to be discovered in no other book, tending to save expense to the packer au 
well as labour to the head.” —/ohn Bull. 


Manual of Domestic Medicine. 
By R. GoopinGc, B.A., M.D. Intended as a Family Guide in all Cases of Accident and 
Emergency. Third Edition, carefully revised 2/0 
‘* The author has performed a useful service by placing at ‘the dis 1 of those situated at a distance 
from medical aid, a reliable and sensible work in Which professional know wledge and accuracy have been 
well seconded by the ability to express himself in ordinary untechnical language."—Pdlic Health. 


Management of Health. 
nual of Home and Personal Hygiene. By the Rev. JAMES Barro, B.A. . 1/0 
Tt is wonderfull reliable, it is written with excellent taste, and there is instruction crowded into 

every page." —nglish Mechanic. 

House Book, 
Comprising—I. THE HousE MANAGER. By AN OLD HOUSEKEEPER. II. DOMESTIC 
MEDICINE. By RALPH GoopING, M.D. III. MANAGEMENT OF HEALTH. B 
JAMES BAIRD. In One Vol., strongly half-bound ‘ : ‘ ‘ : 6 


Natural Philosophy, 


For the Use of Beginners. By CHARLES TOMLINSON, F.RS. . . . .« V6 


Electric Lighting: 


The Elementary Principles of. By ALAN A. CAMPBELL SWINTON, M.Inst.C.E., 
M.Inst.E.E. With 16 Illustrations, Fourth Edition, Revised  [/ust published. 1/6 


Electric Telegpraph : 
’ Its History and oe with oe of some of the epee Hy R. SABINE, 
C.E., F.S.A., &e. 3/0 
‘* Essentially a practical and instructive wor "Daily Telegraph. 


Handbook of Field Fortification. 
By Major W. W. KNOLLYS, F.R.G.S. With 163 Woodeuts. . . . . 8/O 


‘* A well-timed and able contribution to our military literature. . . . The author supplies, in clear 
business style, all the information likely to be practically useful.""—Chambers of Commerce Chronicle. 


Logic, 
Pure and Applied. By S.H. EMMENS. Third Edition. . - +» 6 


‘‘ This admirable work should be a text-book not only far schools, sates and hiloso pees for a 
litterateurs and men of science, but for those concemed in the practical affairs of life, phil 


Locke’s Essays on the Human Understanding. 


Selections, with Notes by S. H. EMMENS 


vompendous Calculator 

tuitive Calculations); or Easy and Concise Methods of performing the various 
Aaoee Operations required in Commercial and Business Transaetions ; together 
with Useful Tables, &c. By DANIEL O’GORMAN. ‘Twenty-seventh Edition, carefull 
revised by C. NORRIS . - » 2/6. Strongly half-bound 3/6 


‘© It would be difficult to exaggerate the secfalnese of this book to every one engaged in commerce or 
manufacturing industry. It is crammed full with rules and formule for shortening and employing 
calculations in money, weights and measures, &c., of every sort and description. "—A nowledge. 


Measures, Weights, and Moneys of all Nations, 
And an Analysis of the Christian, Hebrew, and Mahometan Calendars. By W.S. B. 
WooLHousE, F.R.AS., F.S.S. Seventh Edition ; : ‘ - 2/6 

“A work necessary for every mercantile office.” —Buslding Trades Journal. 


Grammar of the English Tongue, 


Spoken and Written. With an Introduction to the sey of Sompatar ye Philology. 
By HypDE CLARKE, D.C.L. Fifth Edition ; » «+ LYE 


Dictionary of the English Language, 
As oer and Written. Containing about 100,000 Words. By HYDE eae 
D.C e o . o ee e * ° e ¢ a e e 
% 7 Complete with the GRAMMAR, 6/6. 


Composition and Punctuation, 


Familiarly Explained for those who have neglected "the Study of aver By see a 
BRENAN. Eighteenth Edition  . ; ‘ at oy eg j 1/6 
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French Grammar. | 
With Complete and Concise Rules « on ta Genders of French Nouns. 





G. L. Strauss, Ph.D. 
English-French Dictionary. 


By ALFRED ELWes 


French Dictionary. 
In Two Parts: I. French-English. II. English-French. Complete in One Vol. 3/0 
°,” Or with the GRAMMAR, 4/6. 


French and English Phrase Book. 


Containing Introductory Lessons, with Translations, Vocabularies of eee ae ra 
of Phrases, and Easy Familiar Dialogues ‘ : . E ‘ 6 “a! 


German Grammar. if 
Adapted for English pagent from rer fe tegee and pace epee % 
Dr. G. L. STRAUSS 1/ 


German Triglot Dictionany: 


By N. E. S. A. HAMILTON. Part I. German-French- ee Part IT. ea 
German-French. Part III. French-German-English . ; 3/0 


German Triglot Dictionary 


(As above). ‘Together with German Grammar in One Vol. ; é : . 68/0 
Italian Grammar, 
Arranged in Twenty Lessons, with Exercises. By ALFRED ELWES ‘ . 1/6 


Italian Triglot Dictionary, 


Wherein the Genders of all the Italian and French Nouns are ao aa down. 
By ALFRED ELWES. Vol. I. Italian-English-French 2/6 


Italian Triglot Dictionar 


By ALFRED ELWES. Vol. II. English- rench- Italian . . . . . 3/6 
Italian Triglot Dictionar 

By ALFRED ELwes. Vol. Ill. French-ltalian-English . . . . . 3/6 
Italian Triglot Dictionary 

(As above). In Qne Vol. . ‘ - : : . 6 
Spanish Grammar. 

In a Simple and Practical Form. With Exercises. By ALFRED Etwes . . 1/6 


Spanish-English and English-Spanish Dictionary. 


Including a large number of Technical Terms used in Mining, Engineering, &c., with 
the proper Accents and the Gender of every Noun. By ALFRED ELWES . .. 4/ 


*," Or with the GRAMMAR, 6/0. 
Portuguese Grammar, 


In a Simple and Practical Form. With Exercises. By ALFRED ELWES . . 1/6 
Portuguese-English and English-Portuguese Dic- 
tionary. 


Including a large number of Technical Terms used in Mining, Engineering, &c., with 

the proper Accents and the Gender of every Noun. By ALFRED ELwes. Thi 

Edition, revised. : ; : ‘i - 8/0 
*,° Or with the GRAMMAR, 7/0. 


Animal Physies, 
Handbook of. By Dionysius ASDNES: ‘D.C.L. With ee bas One Vol. 
(732 pages), cloth boards . ; . 26 
*,” Sold also in Teo Parts, as follows : — 
ANIMAL PHYSICS. "By Dr. LARDNER. Partl., Chapters I.—VII. - . 4/0 
ANIMAL PHysics. By Dr. LARDNER. Part IL Chapters VIIL—XVIII  . 3/0 
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